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THE  FUNCTIONAL  SIGNIFICANCE  OF  TESTIS 
CHOLESTEROL  IN  THE  RAT:'  EFFECTS  OF  HY- 
POPHYSECTOMY  AND  CRYPTORCHIDISM 

PRESTON  L.  PERLMAN2 
From  the  Department  of  Zoology,  Cornell  University 

ITHACA,  N.Y. 

The  finding  (Tepperman  and  Tepperman,  1947)  that  follicle 
stimulating  gonadotrophin  increased  the  ester  cholesterol  of  the  testes 
of  the  immature,  intact  rat  is  not  easily  reconciled  with  certain  histo- 
chemical  evidence  (Pollock,  1942)  which  indicated  that  testis  cho¬ 
lesterol  is  contained  entirely  within  the  interstitial  cells.  It  is  usually 
conceded  that  the  path  of  FSH  action  on  the  testis  tubule  is  direct 
and  is  not  mediated  through  the  interstitial  cells. 

In  the  adrenal  (Long,  1947)  and  ovary,  (Everett,  1947;  Claesson 
and  Hillarp,  1947)  the  cholesterol  concentrations  appear  related  to 
the  hormonal  activity  of  the  respective  glands  and  although  an  anal¬ 
ogous  relationship  between  cholesterol  and  androgen  formation  has 
been  occasionally  suggested  it  has  never  been  clearly  established. 
For  these  reasons  an  investigation  was  made  on  the  distribution  and 
regulation  of  testis  cholesterol  in  the  rat  as  determined  by  both 
chemical  and  histochemical  methods.  By  experimental  manipulations 
an  attempt  was  made  to  establish  the  functional  significance  of  this 
sterol  with  regard  to  testis  function.  The  present  paper  is  concerned 
only  with  certain  of  the  findings  obtained  by  chemical  procedures; 
histochemical  data  and  additional  studies  will  appear  in  subsequent 
reports. 

Review'  of  the  early  literature  on  testis  cholesterol  (Kunze,  1922; 
Berberich  and  Jaffe,  1932)  revealed  that,  with  few  exceptions,  most 
investigations  were  of  a  histochemical  nature.  The  cholesterol  in  the 
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testes  of  the  species  studied  was  reported  localized,  in  almost  every 
instance,  in  the  interstitial  cells.  With  regard  to  the  possible  role  of 
the  testis  cholesterol,  it  was  proposed  that  it  served  a  trophic  function 
for  the  developing  sperms  (Leopold,  1921;  Kunze,  1922),  or  was  re¬ 
lated  to  the  “spermiogenetischen  Prozesses”  (Kunze,  1922),  that  it 
was  related  to  the  total  lipid  metabolism  of  the  organism  (Berberich 
and  Jaffe,  1932)  or,  to  the  hormone  secretions  of  the  testes  (Lip- 
schutz,  1929  and  references  cited  there). 

Chemical  analyses  (Leopold,  1921)  of  the  testes  of  the  human,  as 
well  as  the  mole,  revealed  that  the  amount  of  cholesterol  in  the  testes 
was  much  less  than  in  the  adrenal;  that  it  was  the  esterified  choles¬ 
terol  which  was  the  “labile”  form,  whereas  the  free  cholesterol  was 
more  constant  in  amounts;  and  that  accumulation  of  cholesterol  was 
as.sociated  with  impaired  spermatogenesis. 

One  of  the  assumptions  underlying  the  experimental  design  of  the 
pre.sent  study  is  that  androgen  formation  occurs  primarily,  if  not 
entirely,  within  the  interstitial  cells  of  the  testes.  Since  the  cholesterol 
content  of  the  ovaries  and  adrenals  has  been  shown  to  vary  with  the 
functional  state  of  these  organs  in  their  production  of  steroid  hor¬ 
mones,  it  seemed  possible  that  a  comparable  situation  might  be  found 
in  the  testes.  It  was  realized,  however,  from  the  outset,  that  what 
might  actually  be  involved  in  a  conversion  proce.ss  of  cholesterol  to 
androgen  might  be  not  .so  much  a  change  in  concentration  as  one  of 
change  in  turn-over  rate  of  the  cholesterol. 

Cholesterol  determinations  were  made  on  the  testes  of  adult  rats 
under  the  following  experimental  conditions: 

(1)  Hypophysectomized  animals  after  a  20-day  period, 

(2)  The  effects  of  testosterone  propionate  administered  for  20 
days  immediately  following  hypophysectomy,  and 

(3)  Unilateral  cryptorchidism  for  1 1  days  on  the  testes  of  mature 
rats. 


MATERIALS  AND  METHODS 

Long-Evans  rats  of  known  age  and  maintained  on  an  adequate  diet  were 
used.  The  amount  of  testosterone  injected  into  the  group  of  experimental 
animals  is  given  in  Table  I.  Control  animals  received  an  equal  volume  of 
peanut  oil.  At  autopsy  the  testes  were  quickly  removed  and  weighed  to  the 
nearest  0.2  mg.  on  a  micro-torsion  balance.  The  tunica  albuginea  was 
stripped  from  each  testis  before  weighing  in  an  effort  to  eliminate,  as  far  as 
possible,  contributions  of  tissue  other  than  the  tubule-interstitial  cell  com¬ 
plex. 

The  testes  were  divided  into  several  pieces*  of  approximately  350-400 
mg.  The  pieces  were  weighed  on  the  torsion  balance  and  were  then  immedi¬ 
ately  placed  in  alcohol-acetone  mixture  for  the  extraction  of  cholesterol.  In 
several  experiments,  other  weighed  pieces  were  transferred  to  tared  weighing 

’  No  significant  difference  in  cholesterol  content  between  the  testes  from  the  same 
animal  and  no  significant  difference  between  pieces  from  the  same  testis  was  found. 
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Table  1.  The  effect  of  hypophysectomy  on  testis  cholesterol  in  mature  rats 

AND  THE  EFFECT  OF  TESTOSTERONE  PROPIONATE  ADMINISTERED  FOR  20  DAYS 
IMMEDIATELY  FOLLOWING  HYPOPHYSECTOMY.  ThE  DOSE  OF  HORMONE  WAS 
1.25  MG.  EVERY  OTHER  DAY.  MeaNS  AND  STANDARD  ERRORS  ARE  GIVEN. 
Number  of  animals  in  each  group  is  given  in  parentheses 
IN  GROUP  column* 


Group 

Testes 

wt. 

(«m.) 

Mu.  ehol.. 

gin. 

Mr.  abs.  ehol. 

Mr.  ehol.,  100  Rin.  BW 

Total 

Free 

Ester 

Total 

Free 

Ester 

Total  Free 

Eater 

Unoperated  (5) 

2.88 

1.82 

1.75 

0.08 

5.24 

5.01 

0.23 

1.94  1.86 

0.08 

+  0.128 

±0.049 

±0.059 

±0.012 

±0.168 

±0.144 

±0.043 

±0.105  ±0.103 

±0.014 

Hypsec  (6) 

0.42 

5.62 

3.35 

2.27 

1 .30 

0.97 

t.i9  0.74 

O.So 

±0.045 

±0.640 

±0.242 

±0.417 

±0.136 

±0.047 

±0.110 

±0.117  ±0.051 

±0.076 

Hypsec- 

2.13 

1.93 

1.85 

0.08 

4.10 

3.92 

0.18 

2.02  1.93 

0.09 

treated  (5) 

±0.04 

±0.029 

±0.023 

±0.004 

±0.073 

±0.044 

±0.048 

±0.119  ±0.103 

±0.025 

'  .Abbreviations  used  in  this  and  all  other  tables  are: 

Choi.  — Cholesterol 

.Abs.  Choi. — AKsolute  Cholesterol  (i.e.)  the  product  of  the  mg.  chol.  Kin.X  testes  weifcht. 

*  The  value.s  italicized  are  siKnifirantly  different  from  eorrespondinu  values  in  the  other  two  groups. 
Signifianee  level  is  1%. 


vessels  and  the  tissues  dried  at  100°  C.  to  constant  weight  in  order  to  deter¬ 
mine  the  water  content  of  the  tissues.  Still  other  portions  were  preserved  in 
appropriate  fixatives  for  histological  and  histochemical  examination. 

Cholesterol  Dek  r ruination.  Tissue  extractions  were  carried  out  in  un¬ 
graduated,  15  ml.  Pyrex  centrifuge  tubes  according  to  the  procetlure  of 
Sturges  and  Knudson  (1938).  Minor  changes  in  their  apparatus  were  intro¬ 
duced  which  involved  the  substitution  of  ungraduated  centrifuge  tubes  for 
graduated  glass-stoppered  cylinders  and  by  the  use  of  all-glass,  Pyrex  cold- 
finger  condensers  instead  of  the  type  used  by  these  authors. 

Table  2.  Effect  of  unilateral  cryptorchidism  for  11  days  on  the  testis 

CHOLESTEROL  OF  MATURE  FATS.  MeaNS  AND  STANDARD  ERRORS  FOR  GROUPS 

ARE  GIVEN.  Number  of  animals  in  each  group  is  given  in 

PARENTHESES  IN  GROUP  COLUMN 


Gioup 

Testes 

wt. 

(Km.)* 

Mr.  ehol. 

gm. 

Mg.  abs.  ehol. 

Mg.  ehol  100  gm.  BW 

Total 

Free 

Ester 

Total 

Free 

Ester 

Total  Free  Ester 

Control 

2.88 

1.89 

1.51 

0.38 

5.42 

4., 33 

l.Otl 

1.79  1.43  0..36 

(Serotal) 

Testis  (5) 

±0.758 

±0.012 

±0.020 

±0.017 

±0.143 

±0.104 

±0.068 

±0.040  ±  0.030  ±0.020 

.Abdominal 

0.91 

4.26 

2.34 

1.92 

s.sn 

3.10 

1.71 

1.37  0.71  0.56 

Testis  (5) 

±0.026 

±0.430 

±0.262 

±0.328 

±0.285 

±0.202 

±0.266 

±0.134  ±  0.097  ±0.086 

*  Testes  weight  obtained  by  multiplying  the  weight  of  the  single  testis  by  2.  This  was  done  in  order  to  make 
results  in  this  experiment  comparable  to  results  of  other  exp)eriments. 

*  The  figures  italicized  are  significantly  different  from  their  corresponding  values  in  the  other  group. 
Significance  level  used  is  1%. 


Each  weighed  piece  of  testis  (350-400  mg.)  was  placed  in  3.0  ml.  alcohol- 
acetone  mixture  (1:1)  and  extracted  under  reflux  for  45  minutes.  This  period 
is  adequate  for  thorough  extraction.  The  tubes  were  then  raised  from  the 
sand  bath  and  permitted  to  cool  until  boiling  ceased.  The  reflux  condensers 
were  raised  and  rinsed  with  several  small  portions  of  fresh  alcohol-acetone 
mixture.  The  tubes  were  removed  to  a  test-tube  rack  and  the  contents  per¬ 
mitted  to  cool  to  room  temperature.  The  tubes  were  centrifuged  for  approxi¬ 
mately  15  seconds  to  throw  down  the  floating  tissue  particles  and  the  now- 
clear  supernatants  decanted  into  15  ml.  graduated,  Pyrex  centrifuge  tubes. 
Two  ml.  of  fresh  alcohol-acetone  were  added  to  the  once-extracted  tissues 
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and  the  tissues  were  again  refluxed  for  15  minutes  and  the  same  procedure 
followed  to  obtain  the  supernatants  as  in  the  first  extraction.  The  extracts 
from  each  tissue  sample  were  combined  and  the  resulting  volume  adjusted 
to  10  ml.  with  fresh  alcohol-acetone.  The  contents  were  thoroughly  mixed 
and  5  ml.  were  used  for  the  free  cholesterol  determination  and  4  ml.  for  the 
determination  of  total  cholesterol. 

The  procedure  for  cholesterol  determination  was  that  of  Schoenheimer 
and  Sperry  as  described  by  Hawk,  Oser,  and  Summerson  (1947).  At  frequent 
intervals  recovery  experiments  on  known  amounts  of  pure  cholesterol, 
within  the  range  occurring  in  testis  tissue,  were  done  as  a  check  on  technique 
and  reagents. 

The  calculation  of  the  various  statistics  found  in  the  tables  are  based 
upon  formulae  and  tables  in  Snedecor  (1946). 

RESULTS  AND  DISCUSSION 

If  the  hypothesis  that  testis  cholesterol  is  related  to  androgen 
metabolism  is  valid,  then  under  those  conditions  in  which  the  inter¬ 
stitial  cells  are  either  stimulated  or  caused  to  become  inactive,  one 
might  expect  a  change  in  cholesterol  level  as  a  result  of  such  treat¬ 
ment. 

In  the  first  experiment  (Table  1),  the  effects  of  hypophysectomy 
alone  and  hypophysectomy  plus  testosterone  propionate  therapy  were 
.  examined.  One  might  characterize  the  functional  state  of  the  gonads 
in  this  experiment  as  follows:  (1)  in  untreated,  hypophysectomized 
animals,  the  interstitial  cells  are  inactive  and  atrophic;  the  seminifer¬ 
ous  tubules  also  undergo  involution;  (2)  in  testosterone-treated, 
hypophysectomized  animals,  the  interstitial  cells  are  as  atrophic  as 
their  controls  and  presumably  as  inactive.  There  is  no  evidence  that 
testosterone  propionate  can  maintain  or  restore  their  functional 
activity.  The  tubule  elements,  on  the  other  hand,  are  maintained  at 
their  normal  or  near-normal  stages  of  development.  From  this  ex¬ 
periment  it  should  be  possible  to  correlate  any  cholesterol  changes 
obtained  with  the  induced  morphological  and  functional  states  of  the 
gonads. 

In  unilateral  cryptorchidism,  the  tubule  elements  degenerate  in 
the  abdominally-confined  testis  whereas  the  interstitial  cells  continue 
to  function  at  normal  or  approximately  normal  levels.  The  other 
testis  (scrotal)  is,  as  far  as  known,  normal  as  regards  both  gameto- 
genic  and  endocrine  functions  (Jeffries,  1931). 

Assuming  then  that  the  above-described  conditions  correctly 
characterize  the  functional  stages  of  the  testes  following  these  manip¬ 
ulations,  it  might  be  expected  that  there  should  be:  (1)  no  difference 
in  the  cholesterol  distribution  pattern  between  the  testes  of  the  hypoph¬ 
ysectomized  and  hypophysectomized-treated  rats  because  the 
interstitial  cells  are  non-functional  in  both  groups,  (2)  a  distinct  dif¬ 
ference  in  the  distribution  between  the  hypophysectomized  rat  testes 
and  the  cryptorchid  testis,  and,  (3)  no  qualitative  difference  between 
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the  abdominal  and  scrotal  testis  of  the  unilateral  cryptorchid  rat. 

Contrary  to  all  three  expectations,  the  results  of  the  two  experi¬ 
ments  (Tables  1  and  2)  revealed  no  obvious  relationship  between  the 
testis  cholesterol,  either  quantitatively  or  qualitatively,  and  any 
known  interstitial  cell  activity.^  In  fact,  the  relationship  which  ap¬ 
peared  seemed  to  be  primarily  between  the  seminiferous  tubule  ele¬ 
ments  and  the  cholesterol,  particularly  when  considered  in  the  light 
of  the  simple  histological  findings. 

The  results  show  that  associated  with  impaired  gametogenic 
activity  there  also  occurs  a  loss  of  cholesterol  from  the  testes  as  well 
as  an  increase  in  the  ester/  free  cholesterol  ratio.  This  is  clearly  recog¬ 
nized  if  the  amounts  of  absolute  cholesterol  are  compared.  In  the 
hypophysectomized  animals  the  amount  is  2.26  mgs.  compared  with 
5.24  mgs.  for  the  normal  unoperated  animals.  Calculated  on  the  basis 
of  100  gm.  body  weight  there  is  a  significant  decrease  from  the  normal 
value  of  1.94  to  1.29  mgs.  (hypophysectomized  group).  The  hypoph- 
ysectomized-testosterone  treated  animals  were  no  different  with 
regards  to  the  cholesterol  picture  as  compared  with  the  unoperated 
group.  Apparently,  the  maintenance  of  spermatogenesis  is  all  that  is 
required  to  maintain  a  normal  cholesterol  lev'el. 

This  contention  is  borne  out  from  the  results  obtained  with  the 
unilaterally  cryptorchid  animals.  The  actual  data  reveals  the  same 
pattern  as  found  in  the  experiment  on  the  hypophysectomized  rats. 
In  fact,  the  results  of  the  two  experiments  are,  perhaps,  best  under¬ 
stood  when  considered  in  relationship  to  those  structural  changes  oc¬ 
curring  in  the  testis  under  the  experimental  conditions. 

Following  hypophysectomy  and  cryptorchidism  the  loss  of  tubule 
elements  begins  with  the  sperms  and  the  other  cells  nearest  the  lumen 
of  the  tubule.  There  are  present,  in  the  hypophysectomized  rat  testes, 
even  after  several  months  still  some  spermatogonia  together  with 
some  primary  spermatocytes  (Smith,  1930).  During  a  similar  period, 
cryptorchidism  is  more  destructive  of  the  tubule  elements,  leaving 
primarily  the  Sertoli  cells  and  a  few  spermatogonia.  The  over-all 
effect  of  such  a  progressive  loss  of  cells  on  the  cholesterol  concentra¬ 
tion  would  be  registered  as  an  apparent  increase  in  cholesterol 
(increased  cholesterol  concentration)  if  one  assumes  that  it  is  the 
earlier  stages  of  dev'eloping  sperm  such  as  the  spermatogonia,  primary 
spermatocytes,  and  possibly  the  Sertoli  cells  which  contain  the 
highest  cholesterol  concentrations.  Histological  and  histochemical 
e\ddence,  to  be  published,  also  supports  this  assumption. 

The  most  rapid  loss  of  cells  in  the  tubules  following  hypoph¬ 
ysectomy  or  cryptorchidism  occurs  in  the  centrally-located  ele¬ 
ments  of  the  tubule  which  w  ould  contain  the  least  amount  of  cho- 

*  Determinations  indicated  that  these  changes  could  not  be  accounted  for  on  the 
basis  of  change  in  water  content  of  the  tissues.  These  changes  were  of  far  too  small  a 
magnitude  (few  per  cent)  to  be  significant. 
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lesterol.  Some  of  the  more  peripheral  elements  are  also  lost  simultane¬ 
ously  but  at  a  slower  rate.  Validation  of  these  assumptions  would 
offer  one  possible  explanation  for  the  experimental  results  which  re¬ 
vealed  both  an  increase  in  cholesterol  concentration  and  an  actual 
over-all  loss  of  cholesterol  under  these  conditions.  Another  possible 
explanation  is  that  rather  than  a  direct  loss  of  cholesterol  through 
certain  cellular  elements  of  the  testes,  a  resorption  of  cholesterol 
occurs.  Evidence  will  be  presented  in  succeeding  papers  which  in¬ 
dicates  the  former  explanation  is  more  acceptable  than  the  second. 

In  any  case,  it  is  apparent  from  the  experiments  reported  that 
there  appears  to  be  no  readily  discernible  interrelationship  between 
testis  cholesterol  level  and/or  the  ester/free  cholesterol  ratio  and  in¬ 
terstitial  cell  function. 


SUMMARY 

Chemical  analyses  of  rat  testes  revealed  that  whenever  spermato¬ 
genesis  was  impaired,  as  after  hypophysectomy  or  cryptorchidism, 
one  characteristic  effect  was  an  ov^er-all  loss  of  testes  cholesterol,  a 
marked  increase  in  the  ester/free  cholesterol  ratio,  and  an  increase 
in  cholesterol  concentration.  These  events  occurred  regardle.ss  of  the 
functional  state  of  the  interstitial  cells. 
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Histochemical  investigations  (Kunze,  1922;  Berberich  and  Jaffe, 
1932;  Pollack,  1942)  on  the  distribution  of  testis  lipids  have  revealed, 
in  almost  every  instance  studied,  that  the  testis  cholesterol  is  localized 
in  the  interstitial  cells. 

Kunze  (1922)  reported  the  testis  lipid  distribution  in  several 
species  and  he  appears  to  be  the  first  to  observe  a  “lipid  zone”  in 
the  rat  gonad  comparable  to  the  “Fettrandzone”  of  the  human  testis. 
This  zone,  according  to  Kunze,  appears  as  a  distinct  band  in  the  outer 
margin  of  the  seminiferous  tubule.  He  also  observed  that  the  lipid 
content  of  the  interstitial  cells  of  Leydig  in  the  rat  is  very  much  less 
than  that  within  the  tubules.  This  condition,  however,  was  in  sharp 
contrast  to  that  seen  in  the  cat  (Kunze,  1922).  In  the  testes  of  this 
animal,  only  a  very  small  amount  of  lipid  was  contained  intratubu- 
larly,  no  marginal  concentration  was  observed,  and  only  the  extra¬ 
tubular  cells  gave  a  strong  histochemical  test  for  lipid. 

Pollock  (1942)  in  a  more  recent  study  of  the  testes  of  several 
species  of  animals  located  “ketosteroids”  entirely  in  the  interstitial 
cells.  From  this  he  suggested  a  possible  relationship  to  testosterone 
content. 

In  a  previous  study  (Perlman,  1950)  data  was  obtained  by  direct 
chemical  analysis  of  testis  tissue  for  cholesterol  in  the  rat  which  re¬ 
vealed  that  there  was  no  readily  apparent  relationship  between 
changes  in  testis  cholesterol  and  interstitial  cell  function.  The  results 
did  suggest,  however,  that  the  cholesterol  might  be  localized  pre¬ 
dominantly,  if  not  entirely,  in  the  seminiferous  tubules. 

In  order  to  determine  if  such  was  the  case  and  because  studies  by 
other  investigators  revealed  cholesterol  to  be  localized  in  the  inter¬ 
stitial  cells  only,  a  histochemical  examination  was  made  of  rat  testes 
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deriv^ed  from  mature  animals  subjected  to  the  following  experimental 
conditions:  (1)  hypophysectomy  after  a  20  day  period,  (2)  the  ef¬ 
fects  of  testosterone  propionate  administered  for  20  days  immediately 
following  hypophysectomy,  and  (3)  unilateral  cryptorchidism  for  11 
days. 

These  groups  were  selected  for  study  because  the  functional  and 
structural  relationships  as  regards  gametogenic  and  endocrine  ac¬ 
tivities  of  the  testis  can  be  readily  compared.  A  more  complete  ex¬ 
position  of  the  rationale  for  the  selection  of  these  groups  has  already 
l)een  presented  (Perlman,  1950). 

MATERIALS  AND  METHODS 

A  minimum  of  three  rats  per  group  were  used.  Tissues  were  prepared  for 
paraffin  sections  following  fixation  in  Bouin’s  or  Lavdowsky’s  fluid,  cut  at 
5  u,  and  the  sections  stained  with  hematoxylin  and  eosin. 

Testis  lipids  were  studied  in  frozen  sections  prepared  from  tissues  fixed 
in  phosphate-buffered  formalin  (Lillie,  1948).  It  was  necessary  to  embed  the 
tissue  in  gelatin  (Baker,  1944)  before  cutting  the  sections.  The  gelatin  blocks 
were  cut  at  15,  25,  and  40  u.  A  minimum  of  5  sections  from  each  block  were 
examined  by  each  of  the  histochemical  methods.  In  a  few  instances  fixation 
was  carried  out  for  longer  periods  (up  to  six  days)  in  order  to  determine 
whether  or  not  prolonged  fixation  revealed  anything  not  already  apparent 
from  the  usual  24  hour  fixation.  No  difference  was  observed. 

The  total  stainable  lipid  was  demonstrated  by  Sudan  black  B  according  to 
the  procedure  outlined  by  Lison  (1936).  The  sections  were  first  attached  to 
gelatin-coated  slides  (Baker,  1944). 

Steroids  were  studied  in  formalin-fixed  tissues.  Frozen  sections  were 
treated  in  various  ways  and  the  following  outline  indicates  the  treatments 
applied. 

A.  Distribution  of  Liebermann-B orchard  positive  substances 

The  Romieu  modification  of  the  Liebermann-Burchard  reaction  (Lison, 
1936)  was  applied  to  sections  for  the  determination  of  the  distribution  of 
certain  unsaturated  steroids.  As  controls,  other  sections  were  extracted  with 
acetone  for  one  hour  and  then  subjected  to  the  Romieu  procedure. 

B.  Birefringence  distribution 

1.  Sections  were  mounted  in  glychrogel  (Zwemer,  1933). 

2.  Sections  were  extracted  in  acetone  for  one  hour,  transferred  back  to 
distilled  water,  and  then  mounted  as  above. 

3.  Sections  were  treated  with  alcoholic  solution  of  digitonin  (Lison, 
1936)  for  approximately  36  hours.  After  rinsing  the  sections  in  50%  alcohol, 
half  of  a  group  of  sections  were  placed  in  acetone  for  one  hour,  transferred 
back  to  distilled  water,  and  then  mounted.  The  remaining  half  were  mounted 
after  rinsing  in  50%  alcohol. 

Several  pieces  of  testis  were  studied  for  digitonide  formation  and  distribu¬ 
tion  according  to  Bennett’s  procedure  (1940). 

4.  Sections  previously  extracted  with  acetone  as  in  (2)  above,  were 
placed  in  alcoholic  digitonin  and  treated  as  in  (3)  above. 

5.  Sections  mounted  in  glychrogel  were  warmed  to  approximately  50°  C. 
and  the  birefringence  distribution  examined  and  then  reexamined  after  the 
slide  had  cooled  to  room  temperature. 
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RESULTS  AND  DISCUSSION 

Examination  of  sections  stained  with  hematoxylin  and  eosin  re¬ 
vealed  the  presence  in  the  hypophysectomized  animals  of  one  or  two 
layers  of  spermatogonia,  a  variable  number  of  primary  spermato¬ 
cytes,  and  the  Sertoli  cells.  The  interstitial  cells  frequently  exhibited 
a  highly  granular  cytoplasm  as  well  as  pycnotic  nuclei.  The  seminif¬ 
erous  tubules  of  the  animals  treated  with  testosterone  propionate 
appeared  little  different  from  the  normal,  unoperated  controls;  the  in¬ 
terstitial  cells,  however,  appeared  very  similar  to  those  of  the  un¬ 
treated,  hypophysectomized  rats. 

The  cryptorchid  testis  exhibited  a  more  severe  destruction  of 
cells  within  the  tubules  than  that  observed  in  the  testes  of  the  hypoph¬ 
ysectomized  animals.  The  primary  spermatocytes  appeared  fewer 
in  number  but  in  many  tubules,  spermatogonia  as  well  as  Sertoli 
cells  were  still  evident  in  great  numbers.  The  interstitial  cells  ap¬ 
peared  normal. 

That  there  is  cholesterol  present  in  both  the  seminiferous  tubules 
and  the  interstitial  cells  of  the  normal,  mature  testis  was  indicated 
by  the  formation  of  an  acetone-insoluble  digitonide  (Figs.  1  and  2) 
as  well  as  by  a  positive  Liebermann-Burchard  reaction.  It  seemed, 
at  first  sight,  that  the  birefringence  in  the  tubule  was  due  entirely  to 
the  connective  tissue  components  and  to  the  spermatozoa.  Closer 
examination,  however,  revealed  that  in  those  tubules  which  had  been 
sectioned  in  the  proper  plane,  there  was  present,  just  inside  the  base¬ 
ment  membrane  a  “ring”  of  birefringent  material  much  more  in¬ 
tense  and  consisting  generally  of  larger  particles  than  that  shown  by 
the  remaining  birefringent  material.  When  the  slide  was  warmed, 
only  the  ring  disappeared  but  it  reappeared  upon  cooling.  When  the 
sections  were  extracted  with  acetone,  the  material  responsible  for  the 
birefringence  of  the  “ring”  was  eliminated.  This  “ring”  occupied  a 
position  similar  to  that  described  by  Kunze  (1922)  for  the  rat  when 
the  testis  was  stained  with  “Scharlach  rot.” 

In  the  testes  of  the  hypophysectomized  and  cryptorchid  animals 
most  of  the  birefringence  of  the  seminiferous  tubules  (Figs.  3  and  4) 
which  was  seen  after  treatment  with  digitonin  was  eliminated  by 
acetone  extraction  but  not  by  50%  alcohol.  This  suggested  that  the 
soluble  birefringent  material  might  be,  to  a  large  extent,  the  esters  of 
cholesterol.  Warming  an  untreated  section  resulted  in  the  disap¬ 
pearance  of  the  birefringence  which  reappeared  upon  cooling.  This 
was  also  suggestive  of  cholesterol.  The  presence  of  cholesterol  was 
further  indicated  by  the  strongly  positive  Liebermann-Burchard  re¬ 
action  obtained.  Acetone-extracted  sections  did  not  give  a  positive 
reaction  for  this  test.  The  histochemical  findings,  then,  are  in  quali¬ 
tative  agreement  with  the  results  obtained  by  chemical  analyses 
(Perlman,  1950). 

The  interstial  cells  of  the  testes  of  the  hypophysectomized  and 


Explanation  of  Figures 
Photographs  showing  birefringence. 

Fig.  1.  Formalin-fixed  section  from  a  normal,  mature  testis  treated  with  digitonin, 
rinsed  in  50%  alcohol,  and  then  extracted  with  acetone  before  mounting.  15  u.  X120 
Fig.  2.  Section  similar  to  that  shown  in  figure  1,  excepting  that  this  section  was  also 
extracted  with  glacial  acetic  acid  for  one  hour  before  mounting.  15  u.  X120 

Fig.  3.  Formalin-fixed  section  from  20-day  hypophysectomized  rat.  Section  treated 
with  digitonin  followed  by  alcohol  and  acetone  rinse.  15  u.  X120 

Fig.  4.  Section  of  cryptorchid  testis  from  unilateral  cryptorchid  rat  showing  bire¬ 
fringence  after  digitonin  treatment  followed  by  alcohol  and  acetone  rinse.  20  u.  X200 
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hypophysectomized-treated  rats,  when  examined  for  birefringence 
revealed  very  little  as  compared  to  that  of  the  unoperated  controls. 
The  unilateral  cryptorchid  testis,  on  the  other  hand,  appeared  to 
contain  as  much  birefringent  material  as  the  normal  (scrotal)  testis. 
This  might  indicate  that,  in  the  interstitial  cells,  birefringence  does 
reflect  the  functional  activity  of  the  interstitial  cells  with  reference  to 
androgen  formation.  Further  evidence  will  be  required  to  determine 
if  this  is  the  case. 

Studies  of  the  distribution  of  Liebermann-Burchard  positive 
materials,  like  those  of  birefringent  materials,  rev'ealed  positiv^e 
evidence  of  cholesterol  in  the  tubules.  Positive  Liebermann-Burchard 
reactions  were  limited  almost  exclusively  to  that  zone  of  each  tubule 
in  which  the  Sertoli  cells,  spermatogonia,  and  primary  spermatocytes 
were  located.  Only  occasionally  did  an  interstitial  cell  reveal  a  positive 
reaction.  With  reference  to  this  particular  reaction  it  was  much  more 
difficult  to  consistently  obtain  a  definitely  positive  result  with  normal 
testes  than  with  the  testes  of  hypophysectomized  or  cryptorchid 
animals.  Why  there  is  this  apparent  difference  in  intensity  and  pre¬ 
sumably,  therefore,  difference  in  concentration  is  not  certain. 

A  ring  of  lipid  material  was  also  noted  when  sections  of  normal 
testes  were  stained  with  Sudan  black.  In  the  testes  of  hypophysecto¬ 
mized  and  cryptorchid  rats  there  was  an  abundance  of  sudanophilic 
material  similarly  localized.  The  sudanophilic  particles  varied  greatly 
in  size  and  were  mainly  concentrated  in  the  tubules. 

Critique  of  findings.  The  histochemical  results  reported  in  this 
study  revealed  significant  amounts  of  cholesterol  in  the  tubules  of  rat 
testis.  Examination  of  the  histochemical  methods  applied  by  earlier 
workers  to  the  study  of  testis  lipids  and  particularly  to  cholesterol 
reveals  that  almost  without  exception  the  methods  used  were,  in  the 
light  of  modern  knowledge,  nonspecific  for  those  substances  for  which 
specificity  was  assumed.  The  histochemical  methods  of  the  early 
workers  were  based  primarily  upon  the  outline  of  lipid  analyses  de¬ 
veloped  by  Kawamura  (1911)  and  from  his  scheme,  it  was  assumed 
possible  to  characterize  correctly  the  various  lipids  present  in  tissues. 
Examination  of  the  methods  used  with  reference  to  their  specificity 
leaves  little  doubt  that  the  early  findings  on  tissue  lipids  were  in  the 
greatest  part  incorrect  as  to  their  characterization. 

It  is  also  important  to  point  out  that  the  Liebermann-Buchard 
reaction  with  its  various  histochemical  modifications  was  not  used 
by  early  investigators  for  the  study  of  cholesterol  distribution.  In¬ 
stead,  reliance  was  placed  upon  polariscopic  evidence  and  occasionally 
upon  the  nonspecific  and  useless  Golodetz  reaction  (Lison,  1936). 
Similarly,  digitonin  was  not  yet  in  use  for  the  histochemical  localiza¬ 
tion  of  steroids.  Therefore,  in  view  of  these  facts  it  is  difficult  to  accept 
with  any  degree  of  assurance  the  earlier  studies  on  lipids  and  in  par¬ 
ticular  those  dealing  with  the  steroids. 
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The  findings  presented  in  this  study  do  not  agree  with  the  findings 
of  Pollock  (1942)  with  reference  to  the  rat.  Pollock  employed  the 
digitonin  procedure  and  also  the  phenyl-hydrazine  method  (Bennett, 
1940)  as  a  correlative  technique  in  order  to  substantiate  his  findings 
with  the  digitonin  method.  This  investigator  concluded  that  all  the 
steroids  in  rat  testis  are  located  in  the  interstitial  cells.  The  reasons 
for  this  lack  of  agreement  are  not  yet  clear.  Pollock’s  results  with  cat 
testis,  however,  are  in  agreement  with  the  findings  of  Kunze,  and  this 
writer  (PLP)  has  also  confirmed  these  findings. 

The  question  of  the  relationship  of  cholesterol  level  in  the  testis 
and  androgen  output  still  remains  unanswered.  The  structural  nature 
of  the  testes  makes  the  problem  very  difficult.  Chemical  analyses  of 
testis  tissue  indicated  that  so  much  of  the  cholesterol  was  located 
in  the  tubules  that  any  small  change  in  the  amount  of  cholesterol  in 
the  interstitial  cells  might  be  impossible  to  detect  with  the  methods 
employed. 

However,  the  data  does  substantiate  the  hypothesis,  first  pre¬ 
sented  by  Kunze  (1922),  that  certain  lipids  of  the  testis  appear  to  be 
involved  primarily  in  the  spermatogenic  process. 

SUMMARY 

Histochemical  examination  of  the  lipid  distribution  in  rat  testes 
revealed  the  presence  of  cholesterol  in  the  seminiferous  tubules.  The 
presence  of  cholesterol  in  the  interstitial  cells  was  also  indicated  but 
the  amount  appeared  v^ery  small  compared  to  that  found  in  the  tu¬ 
bules.  The  tubule  elements  which  appeared  to  contain  most  of  the 
cholesterol  were  located  in  that  area  of  the  tubule  in  which  the  Sertoli 
cells,  spermatogonia,  and  primary  spermatocytes  are  located.  The 
significance  of  these  findings  were  also  discussed. 
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FACTORS  AFFECTING  THE  MEASUREMENT  OF 
PROTEOLYTIC  ACTIVITY  OF 
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AND  MAURICE  BRUGER 

From  the  Department  of  Medicine,  New  York  University  Post-Graduate 
Medical  School,  New  York  University-Bellevue  Medical  Center 

NEW  YORK 

This  study  was  undertaken  to  determine,  under  adequately  con¬ 
trolled  conditions,  a  satisfactory  experimental  method  for  measuring 
proteolytic  activity  of  thyroid  and  other  tissues.  Hemoglobin  was 
used  as  a  stable  and  reproducible  substrate.  The  temperature  of  the 
reaction  was  controlled  within  constant  limits  (  +  0.02°  C.);  the  use  of 
a  microtome  gave  uniform  tissue  slicing.  The  effects  of  the  following 
factors  were  investigated:  hydrogen  ion  concentration,  salt  environ¬ 
ment,  the  addition  of  a  compound  containing  a  labile  reducing  group, 
and  previous  heating  of  the  tissue  extract. 

In  evaluating  proteolytic  activity  of  tissue,  it  is  es.sential  that  the 
experimental  measurements  include  “blank”  values  for  reagents,  tis¬ 
sue  and  substrate.  If  proteolytic  activity  is  to  be  attributed  to  an 
enzyme,  experimental  evidence  of  destruction  of  this  activity  by  heat 
is  important.  No  mention  of  “blanks”  or  heat  inactivation  is  made  in 
the  papers  of  De  Robertis  and  Nowinski  (1946)  and  of  Dziemian 
(1943)  in  their  investigations  on  the  thyroid  gland. 

EXPERIMENTAL  METHOD 

Adult  mongrel  dogs,  maintained  on  daily  rations  of  a  commercial  dog 
food,  were  given  intravenous  nembutal  (1  ml.  of  3%  solution  per  kg.  of  body 
weight).  In  the  preliminary  experiments,  the  thyroid  lobes  were  removed, 
freed  of  capsule,  cut  into  thin  slices  and  placed  directly  into  a  small  Erlen- 
meyer  flask  containing  a  glycerol-water  mixture  (60%-40%)  in  amounts 
somewhat  less  than  0.50  ml.  per  100  mg.  of  tissue.  In  the  later  experiments, 
the  thyroid  lobes  were  held  between  watch  glasses,  the  edges  of  which  were 
sealed  with  adhesive  tape,  placed  on  solid  carbon  dioxide  and  taken  to. the 
laboratory.  After  removal  of  the  capsule  and  of  any  extraneous  tissue,  each 
lobe  was  frozen  by  carbon  dioxide  (technic  of  preparing  frozen  sections)  and 
then  cut  by  a  microtome  into  sections  of  25  microns  in  thickness.  These  were 
removed  to  a  watch  glass  by  means  of  a  glass  rod  and  the  resulting  homog¬ 
enous  semi-liquid  mass  was  transferred  to  a  small  Erlenmeyer  flask  contain¬ 
ing  the  glycerol-water  mixture. 
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The  weight  of  the  tissue  was  determined  by  weighing  each  of  the  stop¬ 
pered  flasks  and  its  contents  before  and  after  the  addition  of  the  thyroid 
tissue.  An  additional  volume  of  the  glycerol  solution  was  added  so  as  to 
make  a  final  volume  of  0.50  ml.  per  100  mg.  of  tissue.  The  flask  was  placed 
in  a  refrigerator  at  4°  C.  for  15  to  16  hours.  Distilled  water  was  added  in 
amounts  equal  to  the  glycerol-water  solution  and  the  flask  was  replaced  in 
the  refrigerator.  After  2  hours,  its  contents  were  centrifuged.  .\n  aliquot  of 
the  supernatant  fluid  was  heated  to  90°  C.  and  maintained  at  that  tempera¬ 
ture  for  2  to  3  minutes.  The  heated  and  unheated  tissue  extracts  were  then 
brought  to  the  desired  temperature  for  the  reaction  studies. 

The  hemoglobin  for  the  substrate  was  prepared  from  fresh  beef  blooilby 
the  method  of  Anson  (1938-1939)  followed  by  clearing  with  one-tenth  its 
volume  of  alumina  gel  and  centrifuging  twice.  It  was  stored  in  a  frozen  state 
in  a  closed  aluminum  container.  After  standardization  for  hemoglobin  con¬ 
tent,  this  material  was  used  to  prepare  a  2.5%  aqueous  solution  according  to 
the  directions  of  Anson.  The  addition  of  an  acid  or  salt  solution  to  the 
hemoglobin  was  made  immediately  before  use.  Because  of  unavoidable  cir¬ 
cumstances  during  the  initial  experiments,  the  tubes  containing  the  reaction 
mixture  were  placed  in  a  water  bath  at  38°  C.  and  the  bath  transferred  to  an 
incubator  maintained  at  the  same  temperature.  In  the  later  experiments 
adequate  facilities  were  available;  the  tubes  were  suspended  in  a  water  bath 
with  thermostatic  temperature  control  (37.47  +  0.02°  C.). 

A  series  of  Pyrex  test  tubes,  each  containing  4.00  ml.  of  a  2.5%  hemo¬ 
globin  solution  and  1.00  ml.  of  a  solution  of  acid  (and/or  salt)  of  desired 
molarity  was  prepared,  stoppered  and  placed  in  the  water  bath.  When  tem¬ 
perature  equilibrium  had  been  reached,  1.00  ml.  of  the  glycerol-water  tissue 
extract  \vas  added  to  the  hemoglobin  solution  in  each  of  the  test  tubes  and 
the  time  recorded.  In  a  few  experiments,  multiples  of  these  quantities  were 
placed  in  a  flask  and  the  progress  of  the  reaction  was  followed  by  removal  of 
aliquots  at  given  times. 

After  the  desired  time  interval,  the  reaction  was  stopped  by  the  addition 
of  10.00  ml.  of  0.300M  trichloracetic  acid  to  each  tube.  The  tubes  were 
agitated  vigorously  during  the  addition  of  the  acid.  The  delivery  time  of  the 
two  pipettes  was  such  that  no  significant  error  in  timing  was  introduced  by 
calculating  the  time  interval  from  the  beginning  of  addition  of  the  tissue 
extract  to  the  beginning  of  the  addition  of  the  trichloracetic  acid  solution. 
Because  it  does  not  absorb  split  products  (Anson  1938-1939),  Whatman 
Number  3  paper  was  used  to  filter  the  contents  of  each  tube.  The  filtrate  was 
analyzed  for  tyrosine  (and  tryptophane)  as  described  by  Anson  (1938-1939). 
The  tyrosine  standard  was  prepared  from  1-tyrosine,  which  by  Kjeldahl  anal¬ 
ysis  yielded  98.2%  of  the  theoretical  nitrogen  value.  A  Klett  visual  colorime¬ 
ter*  was  used  to  measure  the  color  development  following  the  addition  of  the 
Folin-Ciocalteu  phenol  reagent.  Satisfactory  color  matches  were  obtained 
and  control  values  for  heated  tissue  extract  were  found  to  be  reproducible 
repeatedly.  Care  was  taken  to  make  readings  always  within  the  specified 
time  after  addition  of  the  phenol  reagent.  Calculations  were  made  in  the 
usual  manner.  Values  were  expressed  as  mg.  of  tyrosine  liberated  by  the 


*  The  results  obtained  with  this  instrument  and  the  Coleman  spectrophotometer 
compared  favorably. 
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glycerol-water  extract  of  100  mg.  of  tissue  after  subtraction  of  the  control 
values  for  heated  tissue  extract. 

The  volume  of  the  glycerol-water  solution  probably  was  increased  by  the 
tissue  fluid  during  extraction  and  centrifugation.  However,  no  correction  was 
made  for  this  factor  since  it  was  small  and  fairly  constant.  In  the  following 
paper,  this  volume  correction  was  made  when  the  proteolytic  activity  of 
blood  was  studied. 

The  initial  experiments  were  planned  in  order  to  determine  the  effect  of 
an  individual  variable.  The  data  obtained  in  these  studies  are  comparable 
among  themselves  (since  each  reaction  tube  was  subjected  to  the  same  condi¬ 
tions)  but  not  to  those  of  other  experiments  because  of  variations  among 
thyroid  lobes  from  different  dogs,  small  fluctuations  in  temperature  and 
in  the  uniformity  of  tissue  slicing.  Only  in  the  later  experiments  when  the 
thyroid  gland  was  cut  into  uniform  sections  of  25  microns  and  the  tempera¬ 
ture  of  reaction  controlled  within  limits  of  0.02  °  C.  are  the  data  in  one  table 
strictly  comparable  to  those  in  another. 

DISCUSSION  OF  DATA 

When  a  glycerol-water  extract  of  thyroid  tissue  is  added  to  hemo¬ 
globin  and  acetic  acid  (0.237  M  in  reaction  solution)  tyrosine  is  pro- 


Table  1.  The  detectio.v  of  proteolytic  activity  and  the  effect  of  hydrogen 

AND  OTHER  IONS.  RESULTS  OF  HEATING  THYROID  GLYCEROL-W ATER  EXTRACT. 

“Blank”  determinations,  reaction  time  5  hours 


Reaction  solution  contains  4  ml.  2.5%  Hb  solution  plus  “Blank” 


1  ml.  (1.42  M  acetic  acid,  0.02  M  (XH*)*S()i)  +1  ml.  thyroid  extract 

1  ml.  (1.42  M  acetic  acid,  0.02  M  (NHOsSO^)  -j-l  ml.  thyroid  extract  (heated) 

1  ml.  (1.42  M  acetic  acid,  0.02  M  (NHiljSOO -j-l  ml.  water 

1.70 

0.08 

0.04 

1  ml.  0.02  M  (NH.)jSO, 

1  ml.  0.02  M  (N'H.I.SO. 

1  ml.  0.02  M  (N’H.I.SO, 

+  1  ml.  thyroid  extract 

-j-l  ml.  thyroid  extract  (heated) 

-i-1  ml.  water 

o.otte 

0.05 

0.007 

1  ml.  water 

I  ml.  water 

-1-1  ml.  thyroid  extract 

-j-l  ml.  thyroid  extract  (heated) 

0.008 

0.05 

1  ml.  0.00547  M  acetic  acid 

1  ml.  0.00547  M  acetic  acid 

1  ml.  0.00547  M  acetic  acid 

+  1  ml.  thyroid  extract 

-j-l  ml.  thyroid  extract  (heated) 

4-1  ml.  water 

0.13 

0.09 

0.001 

duced.  The  reagent,  tissue,  and  substrate  “blanks”  are  comparatively 
small.  After  heating  the  tissue  extract,  no  appreciable  amount  of  tyro¬ 
sine  is  formed  (Table  1). 

It  is  evident  that  the  unheated  thyroid  ti.ssue  extract  is  the  source 
of  the  proteolytic  activity  and  that  the  hemoglobin  is  the  source  of 
the  tyrosine.  The  glycerol-water  extract  appears  to  have  a  greater 
proteolytic  activity  than  the  water  extract;  these  were  obtained  from 
different  thyroid  lobes  and  no  significance  can  be  attached  to  this 
finding  (Table  2),  The  effect  of  glycerol  upon  the  rate  of  production 
of  tyrosine  through  a  specific  catalytic  effect  or  through  its  effect  in 
increasing  the  viscosity  or  decreasing  the  dielectric  constant  of  the 
solution  medium  has  not  been  studied.  These  are  probably  minor 
theoretical  points.  However,  it  is  possible  that  extraction  of  the  pro- 
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Table  2.  Further  experiments  to  determine  the  source  of  the  proteolytic 

ACTIVITY  AND  OF  THE  TYROSINE  FORMED  IN  THE  REACTION  MIXTURE  OF  HEMO¬ 
GLOBIN  AND  THYROID  EXTRACT.  PoOLED  THYROID  LOBES  FOR  FIRST  FOUR 

tubes;  other  lobes  pooled  for  last  two  tubes.  Tissue  cut  in  25 
MICRON  SECTIONS.  TEMPERATURE  37.47  ±0.02  DEGREES  C. 

Reaction  time  5  hours 


Mg.  tyrosine 

Reaction  solution  contains  per  100  mg. 

tissue 


4  ml.  Hb  solution +1  ml.  1.23  M  acetic  Dcid+1  ml.  thyroid  glycerobwater  extract  3.02 

4  ml.  Hb  solution +1  ml.  1.23  M  acetic  acid-j-l  ml.  thyroid  glycerol-water  extract  (heated)  0.12 

4  ml.  water  +1  ml.  1.23  M  acetic  acid+1  ml.  thyroid  glycerol-water  extract  0.10 

4  ml.  water  -1-1  ml.  1.23  M  acetic  acid  4*1  ml.  thyroid  glycerol-water  extract  (heated)  0.07 

4  ml.  Hb  solution -|-1  ml.  1.23  M  acetic  acid -1-1  ml.  thyroid  water  extract  2.31 

4  ml.  Hb  solution  4-1  ml.  1.23  M  acetic  acid -hi  ml.  thyroid  water  extract  (heated)  0.38* 


*  There  is  no  apparent  explanation  for  this  high  value. 

teolytic  factor  from  the  thyroid  tissue  is  more  complete  by  the 
glycerol-water  solution  than  by  water  alone. 

Increasing  the  time  of  glycerol-water  extraction  four-fold  has  no 
striking  effect  on  proteolytic  activity  (Table  3).  When  the  glycerol- 
water  extract  of  the  thyroid  is  refrigerated  for  an  additional  24  hours 
after  it  has  been  diluted  with  an  equal  volume  of  water,  no  significant 


Table  3.  Effect  of  ions.  Extraction  of  thyroid  tissue  by  glycerol- 
water  FOR  64  HOURS.  Reaction  time  5  hours 


Reaction  »olution  contains  4  ml. 

2.5%  Hb  aolution  plua 

Mg.  tyroaine 
per  100  mg. 
tissue 

“Blank" 

1  ml.  (1.42  M  acetic  acid,  0.02  M  (NH4)iS04)±l  ml.  thyroid  extract 

1  ml.  (1.42  M  acetic  acid,  0.02  M  (NH4)iS04)+l  ml.  glycerol-water 

1  ml.  (1.42  M  acetic  acid,  0.02  M  (NH4)iS04) -|-1  ml.  water 

1.66 

0.12 

0.05 

1  ml.  0.02  M  HCI 

1  ml.  0.02  M  HCI 

±1  ml.  thyroid  extract 
-j-l  ml.  water 

0.12 

0.015 

1  ml.  0.0002  M  HCI 

1  ml.  0.0002  M  HCI 

-1-1  ml.  thyroid  extract 
±1  ml.  water 

0.10 

0.013 

1  ml.  0.000002  M  HCI 

1  ml.  0.000002  M  HCI 

±1  ml.  thyroid  extract 
+1  ml.  water 

0.08 

0.015 

change  in  its  proteolytic  activity  is  noted  (data  not  tabulated).  An 
acid  solution  and  acetate  ion  appear  to  be  essential  for  the  reaction 
(Tables  3  and  4). 

No  specific  effect  of  ammonium  or  of  sulfate  ion  is  evident  (Table 
4).  Further  study  of  possible  specificity  of  acetate  ion  is  planned. 
The  decreased  amount  of  tyrosine  formed  in  the  presence  of  high 
concentration  of  ammonium  acetate  is  attributed  to  the  effect  of  the 
acetate  ion  in  decreasing  the  concentration  of  hydrogen  ion  formed 
by  dissociation  of  the  acetic  acid  (Table  5). 

The  proteolytic  activity  varies  slightly  within  the  pH  range  of 
3.30  to  3.60;  it  is  highest  at  a  pH  of  3.55  (Table  6). 

A  marked  increase  in  activity  occurs  in  the  presence  of  cysteine 
hydrochloride.  There  is  also  a  notable  increase  in  the  control  (heated 
tissue  extract)  value  which  is  probably  due  to  the  reaction  of  the 
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Table  4.  Effect  of  ions.  Extraction  of  thyroid  tissue  by  glycerol- 
water  FOR  16  HOURS.  Reaction  time  5  hours 


Reaction  solution  contains  4  mi. 

2..5%  Hb  solution  plus 

Mr.  tyrosine 
per  100  niK. 
tissue 

1  ml.  (1.23  M  acetic  acid,  0.02  M  (NHOiSf)*)  +1  ml.  thyroid  extract 

1  ml.  (1.23  M  acetic  acid,  0.02  M  (Nll4);SO«) +1  ml.  thyroid  extract  (heatcnl) 

1  .m 

0.12 

1  ml.  (1.23  M  acetic  acid,  0.02  M  NatSOt) 

1  ml.  (1.23  M  acetic  acid,  0.02  M  NatSOi) 

+  1  ml.  thyroid  extract 

4-1  ml.  thyroid  extract  (heated) 

1.!I3 

0.12 

1  ml.  (1.23  M  acetic  acid,  0.02  M  NH.CI) 

1  ml.  (1.23  M  acetic  acid,  0.02  M  NH.CI) 

-1-1  ml.  thyroid  extract 

-j-1  ml.  thyroid  extract  (heated) 

2.30 

0.12 

1  ml.  (0.001  M  HCI,  0.02  M  (NHO.SO.) 

1  ml.  (0.001  M  HCI,  0.02  M  (NH,),SO,) 

-f-1  ml.  th5rroid  extract 

-j-l  ml.  thyroid  extract  (heated) 

0.06 

0.05 

Table  5.  Effect  of  ammonium  and  of  acetate  ion.  Extraction  of  thyroid 
TISSUE  BY  glycerol-water  FOR  ABOUT  60  HOURS.  REACTION  TIME  5  HOURS 


Reaction  solution  contains  4  ml 

.  2.5%  Hb  solution  plus 

Mr.  tyrosine 
per  100  mg. 
tissue 

1  ml.  (1.23  M  acetic  acid,  0.02  M  (NH.IjSO.l+l  ml.  thyroid  extract 

1  ml.  (1.23  M  acetic  acid,  0.02  M  (NHOsSO.)  -(-1  ml.  thyroid  extract  (heated) 

1.61 

0.01) 

1  ml.  (1.23  M  acetic  acid,  0.02  M  NHiAc) 

1  ml.  (1.23  M  acetic  acid,  0.02  M  NHtAc) 

-f-1  ml.  thyroid  extract 

4-1  ml.  thyroid  extract  (heated) 

1.6.1 

0.08 

1  ml.  (1.23  M  acetic  acid,  1  M  NHiAc) 

1  ml.  (1.23  M  acetic  acid,  1  M  NHiAc) 

+  1  ml.  thyroid  extract 

-j-l  ml.  thyroid  extract  (heated) 

66 

1  ml.  1.23  M  acetic  acid 

1  ml.  1.23  M  acetic  acid 

4-1  ml.  thyroid  extract 

-j-l  ml.  thyroid  extract  (heated) 

1.35 

0.10 

Table  6.  Variation  in  hydrogen  ion  concentration  of  reaction  solution. 
Measurement  of  pH  (hellige  pH  meter)  of  solutions  duplicating  the 

REACTION  SOLUTION  MIXTURE.  GlYCEROL-WATER  EXTRACTION  OF  POOLED 
THYROIDS  FOR  72  HOURS.  REACTION  TIME  24  HOURS 


Reaction  aolution  contains  4  ml.  2.5%  Hb  solution  plus 


Mk.  tyrosine 
pH  per  100  mi;. 

tissue 


1  ml.  (1.23  M  acetic  acid,  0.02  M  (NHOjSOi)  4-1  ml.  thyroid  extract 

1  ml.  (1.23  M  acetic  acid,  0.02  M  (NHOiSO.) -j-l  ml.  thyroid  extract  (heated) 

3.60 

3.58 

2.61 

0.11 

1  ml.  1  M  acetic  acid 

1  ml.  1  M  acetic  acid 

4-1  ml.  thyroid  extract 

-j-l  ml.  thyroid  extract  (heated) 

3.65 

3.58 

2.!)0 

0.10 

1  ml.  1.23  M  acetic  acid 

1  ml.  1.23  M  acetic  acid 

-fl  ml.  thyroid  extract 

-j-l  ml.  thyroid  extract  (heated) 

3.55 

3.52 

3.08 

0.11 

1  ml.  2  M  acetic  acid 

1  ml.  2  M  acetic  acid 

-}-l  ml.  thyroid  extract 

-f  1  ml.  thyroid  extract  (heated) 

3.40 

3.35 

2.00 

0.13 

1  ml.  2.5  M  acetic  acid 

1  ml.  2.5  M  acetic  acid 

-hi  ml.  thyroid  extract 

4-1  ml.  thyroid  extract  (heated) 

* 

* 

2.85 

0.14 

*  Less  than  3.30. 

Table  7.  Effect  of  cysteine  upon  proteolytic  activity  of  pooled  thyroids. 
Tissue  cut  into  25  micron  sections.  Reaction  time  5  hours 

Reaction  solution  contains  4  ml.  2.5%  Hb  solution  plus 

Mg.  tyrosine 
per  100  mg. 
tissue 

1  ml.  1.23  M  acetic  acid 

1  ml.  1.23  M  acetic  acid 

4-1  ml.  thyroid  extract 

-j-l  ml.  thyroid  extract  (heated) 

2.35 

0.00 

1  ml.  (1.23  M  acetic  acid,  0.02  M  cysteine  HCI)  +1  ml.  thyroid  extract  3.82 

1  ml.  (1.23  M  acetic  acid,  0.02  M  cysteine  HCI)  +1  ml.  thyroid  extract  (heated)  0.24 

1  ml.  tl.23  M  acetic  acid,  0.1  M  cysteine  HCI)  +1  ml.  thyroid  extract  7.40 

1  ml.  (1.23  M  acetic  acid,  0.1  M  cysteine  HCI)  +1  ml.  thyroid  extract  (heated)  2.27 
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added  cysteine  with  the  phenol  reagent.  However,  after  substraction 
of  the  control  value,  there  is  still  more  than  a  100%  increase  in  activ¬ 
ity  in  the  presence  of  cysteine  in  0.0166  molar  concentration  in  the 
reaction  solution  (Table  7).  Dziemian  (1943)  reported  a  marked  in¬ 
crease  in  activity  of  the  thyroids  of  rats  or  guinea  pigs  in  the  presence 
of  cysteine  but  made  no  mention  of  alteration  in  “blank”  values; 
however,  he  used  a  micro  acetone  titration  method  to  measure  the 
digestion  products  derived  from  edestin. 

There  is  no  significant  difference  between  the  data  obtained  when 
the  freshly  prepared  hemoglobin  substrate  solution  contains  0.0025% 
merthiolate  and  those  when  this  preservative  was  not  present  (data 
not  tabulated).  This  compound  was  added  to  the  hemoglobin  solu¬ 
tions  in  all  the  experiments  here  reported. 

SUMMARY 

Thyroid  glands  of  adult  dogs  contain  a  factor  in  the  presence  of 
which  tyrosine  is  formed  from  a  hemoglobin  substrate.  The  activity 
of  this  factor  is  destroyed  by  heat.  Tyrosine  has  been  estimated  by 
the  colorimetric  method  using  the  Folin-Ciocalteu  phenol  reagent  for 
dev^elopment  of  color;  tissue,  reagent,  and  substrate  “blanks”  have 
been  determined  and  are  very  small.  The  maximum  proteolytic  activ¬ 
ity  of  thyroid  tissue  occurs  at  a  pH  of  about  3.55  produced  by  acetic 
acid. 
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If  the  organic  iodine  (diiodotyrosine  and  thyroxine)  in  blood 
plasma  is  derived  from  the  thyroglobulin  in  the  colloid  of  the  thyroid 
gland,  a  mechanism  is  necessary  to  explain  whereby  these  organic 
iodine  compounds  are  split  from  the  thyroglobulin  molecule.  The 
existence  of  a  proteolytic  enzyme  in  the  thyroid  capable  of  liberating 
diiodotyrosine  and  thyroxine  from  thyroglobulin  and  thus  allowing 
these  smaller  molecules  to  enter  the  blood  stream  would  offer  such  an 
explanation.  The  level  of  organic  (protein-bound)  iodine  in  plasma 
is  known  to  be  increased  in  hyperthyroidism  and  decreased  in  hypo¬ 
thyroidism.  If  these  variations  are  to  be  attributed,  at  least  in  part, 
to  alterations  in  the  rate  of  enzymatic  breakdown  of  thyroglobulin, 
it  is  necessary  to  have  quantitative  studies  of  proteolytic  activity  of 
thyroid  tissue. 

Measurements  of  proteolytic  activity  in  the  thyroid  tissue  of  dogs 
have  been  presented  in  the  preceding  paper.  It  should  be  noted  that 
in  these  studies,  the  substrate  was  hemoglobin  and  not  thyroglobulin. 
This  proteolytic  agent  has  not  been  isolated.  Its  enzyme  nature  can 
only  be  inferred  from  a  study  of  its  properties,  activity  and  destruc¬ 
tion  by  heat.  Its  specificity  is  not  limited  to  one  substrate  nor  its 
presence  limited  to  thyroid  tissue  alone.  It  follows,  therefore,  that 
any  attempt  to  apply  the  results  obtained  in  the  present  investiga¬ 
tions  to  clinical  problems  in  thyroid  disease  is  unwarranted  at  present. 

In  the  following  study,  the  same  experimental  methods  were  used 
as  described  in  the  preceding  paper.  All  tissues  were  cut  into  sections 
of  25  microns  in  thickness,  the  temperature  of  the  reaction  was  main¬ 
tained  at  37.47  +  0.02°  C.  and  the  reaction  time  was  controlled  within 
two  seconds,  the  time  checks  being  made  against  a  standard  chronom¬ 
eter.  Studies  were  made  on  the  reproducibility  of  data,  variation  of 
proteolytic  activity  of  thyroid  tissue  among  individual  dogs,  and  the 
progress  of  formation  of  tyrosine  by  action  of  a  glycerol-w  ater  extract 
of  thyroid,  spleen,  liver,  muscle  and  blood  on  a  hemoglobin  substrate. 

Received  for  publication  December  5,  1949. 

‘  Fellow  in  Medicine. 


3.19 


360 


KAMNER,  PERANIO  AND  BRUGER 


Volume  46 


DISCUSSION  OF  DATA 

In  eight  determinations  (four  dogs),  the  amount  of  tyrosine  re¬ 
leased  from  a  hemoglobin  substrate  by  thyroid  tissue  averaged  1.96 
mg.  per  100  mg.  thyroid  tissue  with  a  standard  deviation  of  0  20* 
(Table  1). 

Table  I.  Variation  of  proteolytic  activity  of  thyroid  tissue  among  individual 

DOGS  AND  THE  REPRODUCIBILITY  OF  DATA  WITH  PRECISE  CONTROL  OF  TIME  AND 
TEMPERATURE  (37.47  ±0.02  DEGREES  C.).  TISSUE  CUT  IN  25  MICRON 
SECTIONS.  Reaction  time  5  hours 


Reaction  solution  contains  4  ml.  2.5%  Hb  solution  plus 


Mg.  tyrosine  per  100  mg.  tissue 


Certain  sources  of  error  are  of  neglibible  magnitude.  Those  due 
to  variation  in  temperature  are  of  the  order  of  two  to  four  parts  per 
thousand  (assuming  the  usual  range  of  temperature  coefficient  of 
reaction).  Errors  in  measurement  of  time  are  less  than  one  part  per 
thousand  for  even  the  shortest  time  intervals.  An  error  of  0.5  units 
on  the  scale  of  the  Klett  colorimeter  (which  is  greater  than  that  found 
in  the  checks  by  the  same  observer  who  made  the  readings)  gives  a 
difference  of  about  0.03  mg.  of  tyrosine.  The  variations  of  0.01-0.02 
mg.  of  tyrosine  among  the  control  (heated  extract)  values  are  attrib¬ 
utable  probably  to  the  limit  of  precision  of  visual  readings.  The 
volume  of  the  glycerol-water  thyroid  extract  w  as  measured  by  a  1.00 
ml.  pipette  calibrated  for  free  delivery;  with  this  somewhat  viscous 
solution  an  error  in  the  volume  of  delivery  of  0.02  to  0.03  ml.  (2-3%) 
is  possible.  This  is  probably  the  largest  source  of  experimental  error. 

Thyroid,  spleen  and  liver  of  adult  dogs  have  proteolytic  acti\aty 
of  about  the  same  magnitude  under  the  conditions  of  these  experi- 

*  Calculated  for  a  small  series  using  the  formula 
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ments;  the  proteolytic  activity  of  muscle  and  blood  is  considerably 
less  (Tables  2  and  3).  It  should  be  noted  that  the  data  for  thyroid  tis¬ 
sue  in  Table  3  and  Figure  1  are  for  pooled  lobes;  the  thyroid  tissue 
from  the  dog  from  which  spleen,  liv'er  and  muscle  were  obtained  for 
the  experimental  data  in  Table  2  produced  1.80  mg.  of  tyrosine  per  100 
mg.  of  tissue  in  5  hours. 

Table  2.  Production  of  tyrosine  from  hemoglobin  substrate  by  tissue  extract 

OF  THYROID,  SPLEEN,  LIVER  AND  MUSCLE  (aLL  FROM  THE  SAME  DOG).  TISSUES 
WERE  CUT  IN  25  MICRON  SECTIONS.  TEMPERATURE  37.47  ±0.02  DEGREES  C 


Each  reaction  solution  contains:  4.00  ml.  2.5%  Hh  solution 

1.00  ml.  1.23  M  acetic  acid 

1.00  ml.  thyroid  extract  (heated  for  controls) 


Mg.  tyrosine  per  100  mg.  tissue 


Time  in  hours 

— 

Spleen 

Liver 

Muscle 

Thyroid 

1 

1 .14 

1.19 

0.16 

3 

2.23 

2.13 

0.26 

5 

2.49 

2.29 

0.36 

1.90;  1,90 

5  (control) 

0.11 

0.11 

0.08 

0.09;  0.10 

H 

2.90 

2.52 

0.45 

20 

3.44 

3.11 

0.69 

48 

3.74 

3.28 

1.19 

48  (control) 

0.14 

0.12 

72 

3.86 

3.34 

72  (control) 

0.19 

Table  3.  Production  of  tyrosine 

FROM  HEMOGLOBIN  SUBSTRATE  BY 

THYROID  TISSUE 

AND  BY  BLOOD.  FiVE  LOBES  OF  POOLED  THYROID. 

Blood  from  one 

DOG.  Tissues 

WERE  CUT  IN  25  MICRON  SECTIONS.  TEMPERATURE  37.47  +0.02  DEGREES  C. 

Reaction 

SOLUTIONS  AS  IN  TABLE  2 

Mg.  tyrosine  per  100  mg.  tissue 

Time  in  hours 

Thyroid 

Thyroid 

(control) 

Blood 

Blood 

(control) 

1 

1 .64 

• 

0.20 

0.09 

3 

2.29 

0.24 

0.08 

5 

2.62 

0.08 

0.18 

0.08 

7 

2.78 

0.34 

0.08 

9 

3.00 

0.41 

0.09 

20 

3.59 

0.06 

0.42 

0.13 

24 

3.34* 

0.50 

0.13 

48 

3.90 

0.71 

0.16 

72 

4.19;4. 

09  0.19 

0.91 

0.20 

*  There  is  no  apparent  reason  for  this  value;  not  plotted  in  Figure  1. 


In  the  curves  for  thyroid,  spleen  and  liver,  the  slope  is  very  steep 
in  the  early  hours  of  the  experiment,  then  it  decreases  in  a  manner 
suggestive  of  asymptotic  approach  to  the  time  axis.  For  muscle  and 
blood,  there  appears  to  be  a  linear  relationship  between  the  amount 
of  tyrosine  formed  and  the  reaction  time  (after  the  fifth  hour).  The 
values  in  the  early  time  range  are  so  small  (particularly  for  blood) 
that  it  is  difficult  to  determine  the  nature  of  the  curve,  or  if,  indeed, 
more  than  one  reaction  is  going  on  in  the  solution  (Figure  1). 
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Fig.  1.  Proteolytic  activity  of  various  tissues  of  the  dog  as  measured 
by  liberation  of  tyrosine  from  hemoglobin. 


No  measurements  of  the  effect  of  different  temperatures  on  the 
rate  of  tyrosine  production  (within  the  temperature  range  where  the 
proteolytic  activity  is  not  destroyed)  have  been  made.  Further  studies 
are  needed  to  ascertain  the  identity  or  dissimilarity  of  the  proteolytic 
activity  shown  by  the  five  tissues. 

SUMMARY 

The  amount  of  tyrosine  released  in  five  hours  from  a  hemoglobin 
substrate  at  a  pH  of  3.55  in  the  presence  of  acetic  acid  at  37.47 
±0.02°  C.  averaged  1.96  ±0.20  mg.  per  100  mg.  of  thyroid  tissue 
(eight  determinations  on  thyroid  glands  obtained  from  four  dogs). 

The  progressive  formation  of  tyrosine  from  a  hemoglobin  sub¬ 
strate  in  the  presence  of  thyroid,  spleen,  liver,  muscle  and  blood  was 
measured  at  various  time  intervals  up  to  seventy-two  hours.  The 
first  three  of  these  tissues  exhibited  proteolytic  activity  of  a  similar 
degree  which  was  several  times  as  great  as  that  of  muscle  or  blood. 
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STUDIES  IN  THE  DISTRIBUTION  AND  CONCENTRA¬ 
TION  OF  ALKALINE  PHOSPHATASE  IN  THE 
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SEX  HORMONE  TREATED  PIGEONS 
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The  distribution  of  alkaline  phosphatase  in  the  adrenal  cortex 
exhibits  a  sexual  dimorphism  in  the  rat.  Much  more  of  the  enzyme  is 
present  in  the  male  than  in  the  female  (Dempsey  ct  al.,  1949).  Elftman 
(1947  a  and  h)  noted  a  similar  difference  between  male  and  female 
mice.  Only  traces  of  the  enzyme  are  present  in  the  adrenal  cortex  of 
the  female,  whereas  considerable  quantities  occur  in  that  of  the  male. 

Demp.sey  et  al.  (1949)  observed  that  after  hypophysectomy  the 
phosphatase  disappears  from  the  fasciculata  and  the  reticularis  of 
the  rat’s  adrenal  cortex  but  persists  in  the  zona  glomerulosa.  Replace¬ 
ment  therapy  with  whole  pituitary  powder  causes  a  reappearance  of 
the  enzyme  and  a  return  to  a  condition  approximating  that  of  the 
normal  gland.  Elftman  (19476)  reported  that  phosphatase  is  absent 
from  the  adrenal  cortex  of  the  castrated  male,  the  ovariectomized 
female  and  the  immature  male  mice.  Treatment  of  such  animals  with 
testosterone  propionate  results  in  the  reappearance  of  the  cortical 
phosphatase. 

Since  the  presence  of  alkaline  phosphatase  has  not  hitherto  been 
reported  in  the  avian  adrenal  cortex,  it  seemed  desirable  to  study  the 
distribution  and  concentration  of  the  enzyme  in  the  cortex  of  normal 
pigeons,  and  to  determine  whether  cortical  phosphatase  responded 
to  sex  hormone  treatment. 

EXPERIMENTAL  PROCEDURE 

Female  Indian  Rock  pigeons  (Columba  livia  intermedia  Strickl.),  90  days 
old  were  used  in  this  study.  A  total  of  12  birds  were  used  of  which  4  were  in¬ 
jected  with  estrogen,  4  with  androgen,  and  the  remaining  4  were  left  unin¬ 
jected  to  serve  as  the  controls.  All  of  the  birds  were  kept  in  cages  under  uni¬ 
form  husbandry  conditions  throughout  the  duration  of  the  experimental 
period. 

Testosterone  propionate  in  sesame  oil  was  administered  intramuscularly. 
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The  daily  injections  (2.5  mgm.)  were  made  into  the  breast  muscles  and  con¬ 
tinued  for  a  period  of  10  days.  An  equal  amount  of  estradiol  dipropionate 
(2.5  mgm.  or  25,000  dipropionate  units)  was  injected  in  similar  manner  and 
over  the  same  period  of  time.  The  sites  of  injection  alternated  on  successive 
days  between  the  right  and  left  sides  of  the  breast. 

Autopsy  followed  24  hours  after  the  final  injections.  The  adrenals  were 
fixed  immediately  in  chilled  80%  ethyl  alcohol  and  in  10%  formol-saline. 
After  dehydration  and  imbedding  in  paraffin,  serial  sections  were  cut  (i 
microns  in  thickness.  The  tissue  fixed  in  formol-saline  was  stained  with 
Mallory’s  trichrome  stain.  The  sections  of  the  adrenal  fixed  in  ethyl  alcohol 
were  incubated  in  sodium  glycerophosphate  substrate  (pH  9.5)  according  to 
the  technique  of  Gomori  (1941)  for  the  demonstration  of  alkaline  phospha¬ 
tase.  The  sites  of  phosphatase  activity  in  the  tissue  sections  are  marked  by 
the  deposition  of  cobalt  sulfide  in  fine  black  granules.  In  order  to  allow  criti¬ 
cal  observation  of  these  deposits  no  counterstain  was  used.  The  sections  were 
dehydrated  and  mounted  in  the  usual  manner. 

RESULTS 

Controls. — In  this  paper  the  terms  cortex  and  medulla  refer  to 
types  of  tissue  but  do  not  describe  their  position  in  the  gland.  In  the 
avian  adrenal  gland  the  cortical  tissue  is  found  throughout  the  gland 
in  islands  and  anastomosing  strands  interspersed  with  groups  of 
medullary  cells.  The  cortical  masses  are  usually  larger  at  the  periphery 
than  in  the  center  of  the  gland.  Between  the  strands  of  cortical  and 
medullary  ti.ssue  is  an  intricate  network  of  capillaries.  The  detailed 
cytological  features  of  the  avian  adrenal  cortex  have  been  described 
in  papers  by  Miller  and  Riddle  (1942)  and  by  Kar  (1947  a  and  b). 

The  capsule  of  the  gland  gives  a  positive  reaction  for  alkaline 
phosphatase.  Both  the  cytoplasm  and  the  nucleus  of  the  cap.sular  cells 
show  enzymatic  activity,  with  the  reaction  in  the  nucleus  being  some- 
w'hat  more  pronounced.  Phosphatase  is  also  a  prominent  constituent 
of  the  endothelium  of  the  blood  vessels  in  the  capsule.  In  the  cells 
of  the  peripheral  cortical  strands  the  enzyme  is  present  in  the  nucleus 
but  not  in  the  cytoplasm.  A  spectacular  concentration  of  the  enzyme, 
however,  is  observed  in  the  cortical  strands  of  the  central  region  of  the 
gland.  Here  the  enzymatic  reaction  uniformly  appears  in  the  cyto¬ 
plasm  as  well  as  in  the  nucleus  of  the  cells  of  these  strands.  The  endo¬ 
thelium  of  the  capillary  net  work  in  the  gland  also  shows  strong  phos¬ 
phatase  activity. 

Estrogen  treatment. — There  is  a  definite  reduction  of  phosphatase 
activity  in  the  capsular  tissue  following  injection  of  estrogen.  The 
endothelium  of  the  blood  vessels  in  the  capsule,  however,  continues 
to  give  a  po.sitive  reaction  for  the  enzyme.  The  peripheral  cortical 
strands  are  virtually  negative  for  phosphatase.  In  the  strands  located 
more  centrally  only  the  nuclear  enzymatic  activity  is  retained.  The 
cortical  strands  in  the  central  region  of  the  gland  thus  show  a  definite 
reduction  in  the  concentration  of  the  enzyme  both  in  the  nucleus  and 
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the  cytoplasm  of  the  cells.  A  slight  loss  of  the  enzyme  is  also  evident 
in  the  endothelium  of  the  capillary  network  in  the  gland. 

Androgen  treatment. — In  adrenals  of  testosterone  injected  birds 
the  enzymatic  activity  of  the  capsular  region  appears  to  be  similar 
to  that  of  the  controls.  The  endothelium  of  the  capsular  blood  ve.ssels 
shows  an  intense  reaction  for  phosphatase.  In  the  cells  of  the  periph¬ 
eral  cortical  strands  only  the  nuclear  phosphatase  activity  is  visible. 
In  the  cords  of  cortical  tissue  in  the  central  region  of  the  gland  a 
reduction  in  the  enzymatic  concentration  is  also  evident.  Ilovvev’er, 
it  is  noteworthy  that  the  degree  of  this  reduction  is  much  less  than 
that  in  birds  receiving  estrogen.  The  endothelium  of  the  capillary 
network  shows  only  a  slight  loss  of  phosphatase  activity. 

DISCUSSION 

The  pre.sent  studies  hav'e  indicated  clearly  that  there  are  consider¬ 
able  quantities  of  alkaline  phosphatase  in  the  avian  adrenal  cortex. 
Treatment  with  sex  hormones  causes  a  reduction  in  the  cortical  phos¬ 
phatase  activity.  However,  the  degree  of  this  reduction  is  more  pro¬ 
nounced  in  birds  receiving  estrogen  than  in  androgen-treated  birds. 

A  point  of  considerable  interest  is  the  presence  of  negligible  quan¬ 
tities  of  alkaline  phosphatase  in  the  peripheral  cortical  strands.  This 
contrasts  sharply  with  the  spectacular  phosphatase  activity  in  the 
more  centrally  located  strands.  Sex  hormone  treatments  do  not  neu¬ 
tralize  this  difference  in  enzymatic  concentration  between  the  cortical 
strands  in  the  two  regions  of  the  gland.  Miller  and  Riddle  (1942) 
ob.serv^ed  that,  in  this  avian  .species,  new  cortical  cells  originate  liy 
mitosis  in  the  peripheral  cortical  tissue  and  also  by  differentiation  of 
certain  capsular  cells.  The  newly  formed  cortical  cells  are  localized 
in  the  peripheral  masses  but  as  they  grow  older  they  mov'e  towards  the 
central  region  of  the  gland  and  eventually  die.  In  the  light  of  these 
findings  therefore,  it  is  evident  that  in  this  species  there  is  a  correla¬ 
tion  between  the  phosphatase  activity  and  the  age  of  the  cortical  cells. 
In  other  words,  the  amount  of  the  enzyme  is  minimal  in  the  young 
cortical  cells  in  the  periphery,  but  reaches  a  considerably  higher  con¬ 
centration  in  the  older  cells  located  in  the  central  region  of  the  gland. 

A  number  of  recent  studies  hav^e  shown  that  the  activity  of  the 
phosphatases  may  be  inhibited  by  the  action  of  certain  chemical 
agents.  Thus,  fluoride  depresses  the  activity  of  the  acid  phosphatase 
(vide  Dempsey  and  Wislocki,  1947).  Cyanide,  formaldehyde  and  other 
agents  inactivate  kidney  and  intestinal  alkaline  phosphatase  (Emmel, 
1946  a  and  b).  Injection  of  testosterone  propionate  in  pigeons  reduces 
phosphatase  concentration  in  the  uropygial  gland  (Kar,  1950).  The 
present  investigation  therefore,  adds  a  new  instance  in  which  the 
amount  of  alkaline  pho.sphatase  is  shown  to  be  reduced  after  hormone 
treatment.  It  is  noteworthy  that  the  estrogen  produced  comparatively 
greater  reduction  of  enzymatic  concentration  than  the  androgen. 
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Possibly,  the  estrogen  shows  marked  sex-specificity  in  influencing  the 
phosphatase  concentration  of  the  avian  adrenal  cortex.  However,  the 
v’alidity  of  this  concept  should  be  tested  with  male  birds  as  the  experi¬ 
mental  material. 

SUMMARY 

The  distribution  of  alkaline  phosphatase  has  been  studied  cyto- 
chemically  in  the  adrenal  cortical  tissue  of  normal  and  of  sex-hormone- 
treated  pigeons.  In  normal  pigeons  there  are  considerable  amounts  of 
the  enzyme  in  the  cortical  strands  located  in  the  central  region  of  the 
gland.  In  the  peripheral  cortical  strands  however,  there  is  very  little 
enzymatic  activity.  Treatment  with  sex  hormones  reduces  cortical 
phosphatase  concentration.  However,  the  degree  of  this  reduction  is 
more  pronounced  in  the  estrogen-treated  birds  than  in  those  receiving 
androgens.  The  possible  cause  of  this  difference  in  action  between  the 
two  hormones  is  discussed. 
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A  SCREENING  TEST  TO  INDICATE  OPPOSITION  TO 
THE  CARDIOVASCULAR-RENAL  EFFECTS  OF  DES- 
OXYCORTICOSTERONE  ACETATE  IN  THE 
RAT:  THE  EFFECT  OF  ADRENAL 
CORTICAL  EXTRACT^ 

SYDNEY  M.  FRIEDMAN  and  CONSTANCE  L.  FRIEDMAN 
From  the  Department  of  Anatomy,  McGill  University 

MONTREAL,  CANADA 

The  large  number  of  studies  concerning  tlie  experimental  pro¬ 
duction  of  hypertension  by  desoxycorticosterone  acetate  (DCA)  has 
focused  attention  on  the  possible  role  of  some  adrenal  pressor  material 
in  essential  hypertension  (Selye,  Hall  and  Rowley,  1943;  Friedman, 
Polley  and  Friedman,  1948).  Recently,  we  have  observed  in  the  rat 
that  a  short  period  of  intensive  treatment  with  DCA  may  result  in  a 
hypertension  which  persists  long  after  all  treatment  has  been  discon¬ 
tinued  (Friedman  and  Friedman,  1949a).  This  “self-sustained”  hyper¬ 
tension  is  not  directly  referable  to  the  original  anatomical  kidney 
lesion  so  that  it  is,  in  a  .sense,  “essential”. 

As  a  result  of  the.se  studies,  it  seemed  to  us  of  importance  to  in¬ 
vestigate  the  possibility  that  other  steroids  might  be  capable  of  inhib¬ 
iting  the  hypertensive  effects  of  DCA.  The  present  communication 
reports  on  our  initial  experiences  with  a  qualitative  test  designed  to 
demonstrate  interference  with  the  cardiovascular-renal  effects  of  this 
steroid. 

In  our  previous  work  the  essential  indication  of  a  positive  DCA 
effect  on  the  vascular  system  was  an  elevation  in  blood  pre.ssure  sub¬ 
stantiated  at  autop.sy  by  an  increase  in  heart  weight.  This  was  always 
accompanied  by  an  increa.se  in  kidney  mass  as  well  (Friedman  and 
Friedman,  19496).  It  thus  seemed  that  the  possible  inhibitory  effects 
of  a  simultaneously  administered  compound  might  be  demonstrated 
if  DCA  were  given  only  long  enough  to  allow  these  cardiovascular- 
renal  effects  to  first  become  manifest.  After  considerable  trial,  a  do.s- 
age  schedule  was  evolved  which,  in  male  rats  of  an  average  weight  of 
70  grams,  elicited  a  minimal  elevation  in  blood  pressure  in  approxi¬ 
mately  two  weeks.  De.spite  the  brief  duration  of  the  elevated  blood 
pres.sure,  an  increase  in  heart  weight,  if  only  to  a  minimal  degree,  was 
constantly  ob.serv'ed.  Similarly,  an  increase  in  renal  mass  was  consist¬ 
ently  noted. 
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EXPERIMENTAL 

The  present  method  for  determining  any  interference  with  these 
cardiovascular-renal  effects  of  DC  A  is  as  follows;  male  albino  rats  of 
an  inbred  Wistar  strain,  closely  matched  at  approximately  70  grams 
in  weight,  are  set  out  four  to  a  cage  with  free  access  to  food  and  tap 
water.  The  first  group  of  8  animals  serves  as  untreated  control,  while 
the  second  group  of  8  animals  receives  subcutaneous  implants  of 
DC  A  pellets.  Each  pellet  is  one-third  of  a  75  mg.  Cortate  pellet.  Two 
such  pellets  are  implanted  on  the  first  day  of  the  experiment  and  one 
every  four  days  thereafter.  This  method  offsets  the  effect  of  encapsula¬ 
tion  of  pellets,  and  provides  a  continuously  increasing  dose.  The  test 
group,  of  similar  size,  receives  the  same  amount  of  DCA  as  that  given 
to  group  2,  together  with  the  compound  to  be  tested  for  its  anti-DCA 
effects. 

Blood  pressure  is  determined  daily,  using  ether  anesthe.sia,  begin¬ 
ning  on  the  13th  day  and  the  experiment  is  continued  until  the  blood 
pressure  in  the  DCA-treated  group  2  is  significantly  elevated  on  two 
successive  days  of  measurement.  As  yet  no  experiment  has  been  termi¬ 
nated  later  than  the  17th  day.  Blood  pressure  is  considered  increased 
if  the  mean  pres.sure  of  the  group  is  significantly  greater  than  that  of 
the  intact  control  group,  or  if  the  blood  pressure  of  3  of  the  8  DCA- 
treated  animals  exceeds  twice  the  standard  deviation  of  the  average 
control  value. 

At  the  end  of  the  experiment  the  animals  are  weighed  and  killed, 
and  then  hearts  and  kidneys  are  removed  and  fixed.  These  organs  are 
weighed  24  hours  later,  the  weight  obtained  being  expressed  per  unit 
of  .surface  area.  In  the  experiments  to  follow,  the  findings  are  pre¬ 
sented  as  percentage  deviation  of  the  average  values  from  the  simul¬ 
taneously  determined  control  averages.  The  blood  pressure  value  used 
in  this  analysis  represents  an  average  of  the  last  two  successive  de¬ 
terminations.  It  should  be  noted  that  because  of  the  use  of  ether  as 
well  as  because  of  the  brief  duration  of  treatment  the  average  eleva¬ 
tion  of  blood  pressure  at  termination  is  usually  of  a  minimal  order. 

Experiment  1 

The  results  of  this  experiment  are  shown  in  figure  1 . 

Progesterone. — In  this  test,  eight  animals  received  progesterone 
in  addition  to  DCA.  Progesterone  was  administered  as  pellets  (one- 
half  of  a  50  mg.  pellet  at  the  time  of  each  DCA  implantation).  The 
administration  of  this  hormone  in  these  amounts  did  not  significantly 
alter  the  cardiova.scular-renal  effects  of  DCA,  although  the  increase 
in  heart  weight  tended  to  be  greater. 

Testosterone. — In  this  test,  eight  animals  received  testosterone  in 
addition  to  DCA.  Testosterone  was  administered  as  pellets  (one-third 
of  a  75  mg.  pellet  at  the  time  of  each  DCA  implantation).  The  admin¬ 
istration  of  this  hormone  in  these  amounts  did  not  significantly  alter 
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either  the  blood  pressure  or  renal  effect  of  DCA  although  heart  weight 
was  increased. 

Neither  progesterone  nor  testosterone  showed  any  signs  of  activity 
opposed  to  DCA. 

Experiment  2. 

The  results  of  tliis  experiment  are  shown  in  figure  2. 

Pregnenolone  (A®  pregnene  3(|8)-ol,  20-one). —  In  this  test,  eight 
animals  received  pregnenolone  in  addition  to  DCA.  Pregnenolone 
was  administered  as  pellets  (one  pellet  of  approximately  30  mg.  at 


i-^0 


^JO 


0 


Fig.  1 

the  time  of  each  DCA  implantation).  The  administration  of  this 
steroid  in  these  amounts  did  not  significantly  alter  the  cardiovascular- 
renal  effects  of  DCA. 

Estradiol. — In  this  test,  eight  animals  received  estradiol  in  addi¬ 
tion  to  DCA.  The  hormone  was  administered  in  pellet  form  (one 
25  mg.  pellet  of  estradiol  at  the  time  of  each  DCA  implantation).  All 
of  these  animals  failed  to  gain  weight  normally.  The  average  blood 
pressure  failed  to  show  the  usual  DCA-induced  rise.  Since,  despite 
the  general  debility,  both  heart  and  kidney  weight  were  somewhat 
increased  above  normal,  and  since  a  hypertensive  blood  pressure  level 
was  observed  in  two  animals,  the  failure  of  the  average  blood  pressure 
to  rise  is  not  considered  to  be  more  than  a  non-specific  effect. 

Hyaluronidase. — Although  not  a  steroid,  this  compound  was 
tested  because  of  interesting  renal  functional  alterations  which  we 
had  previously  observed  on  administration  of  a  partially  purified  prep- 
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Fig.  2 


aration  of  the  enzyme.  Eight  animals  received  hand  compressed  tab¬ 
lets  of  the  enzyme  in  addition  to  DCA.  Each  lightly  pressed  tablet 
weighed  approximately  10  mg.  (160  TRU/mg.)  and  one  tablet  was 
implanted  into  each  animal  at  4  day  intervals  starting  on  the  2nd  day 
of  the  experiment — 3  tablets  in  all  to  each  animal.  Hyaluronidase  ad¬ 
ministered  in  these  amounts  did  not  alter  the  cardiovascular-renal 
effects  of  DCA. 
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The  results  of  this  experiment  are  shown  in  figure  3. 

Acetoxy-pregnenolone  (A®  pregnene  3(/3)21-diol,  20-one,  21  acetate). 
— In  this  test,  eight  animals  received  acetoxy-pregnenolone  alone,  to 
determine  whether  this  steroid  exerted  any  cardiovascular-renal  ac¬ 
tion  of  itself.  A  second  group  of  8  animals  received  the  steroid  together 
with  DCA.  In  each  case,  acetoxy-pregnenolone  was  administered  as 
one  10  mg.  pellet  for  each  third  of  a  75  mg.  pellet  of  DCA. 

Alone,  acetoxy-pregnenolone  had  no  effect  on  either  blood  pres¬ 
sure  or  heart  weight,  while  it  did  cause  a  slight  increase  in  renal  mass. 
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Fig.  4 

Given  with  DCA  the  effects  observed  were  the  sum  of  the  effect  of 
each  compound.  Thus,  the  blood  pressure  and  heart  size  increases 
were  referable  to  DCA  alone,  while  kidney  size  was  the  sum  of  the 
increases  obtained  with  DCA  and  with  acetoxy-pregnenolone.  The 
steroid  thus  shows  a  renal  effect  in  the  same  direction  as  that  of  DCA. 

Experiment  4 

The  results  of  this  experiment  are  shown  in  figure  4  and,  because  of 
the  positive  effect  of  the  adrenal  cortical  extract,  the  data  are  also 
tabulated  in  table  1. 

Lipo-Adrenal  Cortex.^ — In  this  test,  eight  animals  received  a  rela¬ 
tively  large  dose  of  this  extract  together  with  the  DCA  pellet  im¬ 
plants.  One-half  cc.  of  the  extract  was  administered  once  on  the  1st 
and  2nd  days  of  the  experiment  and  twice  daily  beginning  with  the 
3rd  day. 

*  Upjohn. 


372 


FRIEDMAN  AND  FRIEDMAN 


Volume  46 


The  blood  pressure  elevation  was  affected  to  the  extent  that  it 
was  barely  significantly  depressed  when  compared  with  that  of  the 
DC  A  treated  group  (p<0.05)  and  similarly  barely  significantly  ele¬ 
vated  from  the  control  value  (p  <0.05).  It  should  again  be  stressed 
that  in  this  test  we  are  dealing  with  a  minimal  elevation  of  blood  pre.s- 
sure  as  determined  under  ether  anesthesia  in  all  cases.  No  increase  in 
heart  weight  was  noted  in  this  group.  This  is  the  first  occasion  in  all  of 
our  work  where  even  a  slight  elevation  in  blood  pressure  was  not  ac¬ 
companied  by  an  increase  in  heart  weight  and  raises  the  question  of 


Table  1 


Blood  pressure 

Heart  wt. 

Kidney  wt. 

Control 

mm.  Hg. 

107  +  15 

mg./ 100  cm.* 
170+  8 

mg.  / 1 00  cm.* 
438  ±24 

DCA 

128  +  12 

199  +  15 

475+30 

DCA-Lipo  .\(lreiial  Cortex 

119+  7 

168+  8 

428  ±24 

DC.\-Sesame  Oil 

128+  3 

195  +  13 

478+25 

Saturated  12-keto  DC.\ 

117  +  19 

184+21 

415+20 

DCA-Saturated  12-keto  DCA 

123±12 

195  +  12 

.505  ±39 

whether  this  slight  elevation  was  actually  .sustained.  Renal  mass  was 
not  increased. 

According  to  the  criteria  set  up  in  this  test,  this  result  must  be 
considered  as  indicating  that  Lipo-Adrenal  Cortex  has  inhibited  the 
cardiovascular-renal  effect  of  DCA  for  this  is  the  first  occasion  on 
which  we  have  failed  to  record  an  increase  in  heart  and  renal  mass  on 
administration  of  DCA. 

In  a  previous  experiment  which  we  reported  (Friedman,  Friedman 
and  Campbell,  1949),  using  one-tenth  cc.  of  extract  per  animal  per 
day,  no  .such  inhibition  was  observed.  The  present  positive  effects  are 
presumably  the  result  of  the  much  larger  doses  of  Lipo-Adrenal  Cor¬ 
tex  administered. 

Sesame  Oil. — Since  a  large  volume  of  oil  was  administered  daily 
to  the  group  receiving  cortical  extract  it  seemed  advisable  to  control 
this  factor.  Accordingly,  eight  animals  received  sesame  oil  in  addition 
to  the  DCA  pellet  implants.  No  modification  of  the  cardiovascular- 
renal  effects  of  DCA  was  observed. 

^‘Saturated  12-keto  DCA”  (Pregnane  21-ol,  3,12,20  trione,  21  ace¬ 
tate):  A  small  amount  of  this  compound  was  available  for  testing. 
Given  subcutaneously  to  eight  intact  animals  in  a  daily  dose  of  0.9 
mg.  in  0.2  cc.  of  sesame  oil  this  steroid  exhibited  a  moderate  cardio¬ 
vascular  effect  similar  to  that  of  DCA.  Thus,  it  caused  some  increase 
in  blood  pre.ssure  and  heart  weight,  without,  however,  increasing  kid¬ 
ney  weight.  Given  to  eight  animals  also  receiving  DCA  it  did  not 
significantly  add  to  the  cardiovascular-renal  effects  of  the  latter, 
although  renal  weight  was  somewhat  increased. 
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DISCUSSION 

In  the  present  study  a  number  of  compounds  have  been  tested  for 
their  ability  to  inhibit  the  cardiovascular-renal  effects  of  DCA.  In  the 
course  of  this  work,  the  specificity  of  these  effects,  which  have  been 
used  as  the  basis  for  a  qualitative  screening  test,  has  again  been 
demonstrated.  Of  the  compounds  tested,  progesterone,  testosterone, 
estradiol,  pregnenolone,  acetoxy-pregnenolone,  “saturated  12-keto 
DCA”  and  hyaluronidase  were  all  incapable  of  inhibiting  the  DCA 
effects  studied.  In  contrast,  the  potent  extract,  Lipo- Adrenal  Cortex, 
given  in  large  amounts,  showed  a  definite  indication  of  opposing  the 
cardiovascular-renal  effects  of  DCA. 

The  idea  that  the  adrenal  gland  might  normally  liberate  some  fac¬ 
tor  opposed  to  DCA  in  its  action  is  not  new.  It  has  been  suggested  by 
the  observations  that  the  blood  pressure  raising  effect  of  this  steroid 
is  more  readily  elicited  in  the  absence  of  a  normal  amount  of  func¬ 
tioning  adrenal  cortical  tissue  (Soffer,  1948).  In  a  previous  study  in 
the  rat  we  could  find  no  definite  indication  that  the  adrenalectomized 
animal  was  specifically  sensitive  to  DCA,  and,  pursuing  the  problem 
further,  we  observed  no  inhibition  of  the  DCA  effects  upon  adminis¬ 
tering  Lipo- Adrenal  Cortex  to  animals  under  DCA  treatment  (Fried¬ 
man,  Friedman  and  Campbell,  1949).  We  had,  however,  used  injec¬ 
tions  of  only  one-tenth  cc.  of  the  extract  per  day. 

The  present  positive  effect  with  the  tenfold  dose  indicates  that  a 
substance  or  substances  capable  of  DCA  inhibition  are  probably  pres¬ 
ent  in  the  adrenal  cortex  although  their  presence  is  subtle.  This  brings 
our  findings  into  agreement  with  those  of  Pines  et  al.  (1948)  who  ob¬ 
served  a  depressor  action  in  3  of  4  hypertensive  subjects  on  adminis¬ 
tering  an  adrenal  cortical  extract. 

The  investigations  here  reported  are  being  extended  to  the  screen¬ 
ing  of  other  obtainable  compounds. 

SUMMARY 

Using  the  effect  of  DCA  in  producing  an  elevation  in  blood  pres¬ 
sure  with  an  increase  in  heart  weight  and  an  associated  increase  in 
renal  mass  in  the  rat  as  criteria,  a  simple  qualitative  test  for  the 
screening  of  compounds  with  possible  anti-DCA  activity  has  been 
described. 

Of  the  compounds  tested,  progesterone,  testosterone,  pregneno¬ 
lone,  estradiol,  hyaluronidase,  acetoxy-pregnenolone  and  “saturated 
12-keto  DCA”  showed  no  anti-DCA  effects.  On  the  other  hand, 
Lipo-Adrenal  Cortex,  given  in  large  doses,  opposed  the  cardiovascu¬ 
lar-renal  effects  of  DCA. 
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Marked  hyperlipemia  results  from  the  exhibition  of  estrogens 
to  avian  species  (Lorenz,  Chaikoff  and  Entenman,  1938;  Riddle  and 
Senum,  1939).  Zondek  and  Marx  (1939)  have  suggested,  on  the  basis 
of  data  obtained  in  starved  cocks,  that  “the  fat  absorbed  into  the 
blood  is  derived  from  the  animals’  fat  deposits.”  Short-term  experi¬ 
ments  on  plasma  and  body  total  cholesterol  concentrations  following 
estrogen  administration  led  Fleischmann  and  Fried  (1945)  to  a  simi¬ 
lar  conclusion.  In  the  course  of  studies  on  stilbestrol-induced  ather- 
osclero.sis  in  the  chick  (Horlick  and  Katz,  1948;  Stamler  et  al.,  1950; 
Katz,  Stamler  and  Horlick,  1950),  we  have  had  an  opportunity  to  in¬ 
vestigate  the  effect  of  prolonged  estrogen  exhibition  on  avian  plasma 
and  tissue  lipid  levels.  Our  data  suggest  that  stilbestrol-induced  hy¬ 
perlipemia  is  not  due  merely  to  altered  distribution  of  cholesterol, 
phospholipid  and  neutral  fat  between  plasma  and  tissues. 

METHODS 

One  day  old  Hy-line  cockerels  were  obtained  from  a  certified  hatchery 
and  raised  in  a  battery  brooder.  They  were  fed  a  commercial  chick  starter 
mash  of  known  composition  (Horlick,  Katz  and  Stamler,  1949).  At  5  weeks 
of  age,  10  birds  were  divided  into  2  groups  of  5  each.  Both  groups  subsisted 
on  plain  mash  throughout  the  experiment.  The  control  group  (Group  1)  re¬ 
ceived  no  hormonal  treatment.  The  experimental  group  (Group  2)  was  im¬ 
planted  subcutaneously  with  25  mg  pellets  of  diethylstilbestrob  at  approxi¬ 
mately  3  week  intervals. 

All  birds  were  weighed  weekly  and  a  record  of  feed  intake  was  main¬ 
tained.  They  were  bled  periodically  from  the  alar  vein.  Pooled  aliquots  of 
plasma  were  analyzed  for  the  various  lipid  fractions  by  the  methods  of 
Schoenheimer  and  Sperry  (1934)  and  Man  et  al.  (Man  and  Gildea,  1932; 
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Man  and  Peters,  1933).  After  an  experimental  period  of  15  weeks,  3  birds 
from  each  group  were  sacrificed  by  decapitation  and  exsanguination.  The 
viscera  were  removed,  and  the  various  organs  dissected  free.  The  intestines 
were  opened  and  their  fecal  contents  removed  by  washing.  The  larger  or¬ 
gans  were  weighed  wet.  The  carcasses  were  defeathered  and  repeatedly 
ground  in  an  electric  meat  grinder  to  produce  homogeneous  mixtures.  Re¬ 
spective  organs  from  the  3  birds  of  a  group  were  pooled.  Suitable  aliquots 
were  minced  under  alcohol-ether  (3:1)  or  acetone '.alcohol  (1:1).  The  lipids 
were  then  extracted  and  the  various  fractions  analyzed  by  methods  previ¬ 
ously  described  (Horlick,  Katz  and  Stamler,  1949). 

RESULTS 

The  data  on  feed  intake  and  weight  of  these  two  groups  of  chicks 
are  presented  in  table  1.  Over  the  cour.se  of  the  experiment,  the  stil- 

Table  1.  Feed  intake  and  weight  of  control  (group  1)  and  stilbestrol- 
IMPLANTED  (GROUP  2)  CHICKS 


Feed  intake  (grains  per  chick  per  week) 


Weeks 

1 

2 

3 

4 

5 

6 

7  8 

0 

10 

11 

12 

13 

14 

15 

Sum* 

Group  1 

488 

668 

843 

624 

634 

7.36 

840  720 

720 

720 

833 

046 

024 

050 

872 

10,518 

Group  2 

625 

418 

618 

744 

876 

770 

783  708 

750 

8:i3 

773 

078 

1000 

1454 

1073 

12,40:i 

Weight,  grams 

Weeks 

1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

Group  I  557  680  878  1044  1109  1244  1440  1552  1628  1724  1800  1821  1853  1068  2036 

Group  2  538  652  708  040  1006  1213  1360  1501  1553  1773  1901  2194  2048  2323  2351 


Group  1. — Controla — plain  mash  fed,  no  hormone  given. 

Group  2. — Experimental — plain  maah  fed,  implanted  with  diethylstilbeatrol  pellets. 

*  Sum. — ^This  figure  represents  the  sum  of  the  feed  intake  per  chick  over  the  15  week  couise  of  the  experi- 


bestrol-treated  birds  consumed  slightly  greater  quantities  of  feed 
than  the  controls.  During  the  first  10  weeks,  the  two  groups  exhibited 
a  similar  rate  of  weight  gain.  Thereafter,  the  weight  of  the  stilbestrol- 
treated  birds  (Group  2)  increa.sed  more  than  that  of  the  controls 
(Group  1).  The  average  organ  weights  of  the  birds  sacrificed  at  15 
weeks  are  presented  in  table  2.  The  stilbestrol-implanted  birds  ex¬ 
hibited  higher  organ  weights,  except  for  the  heart. 

In  accord  with  previous  findings  (Lorenz,  Chaikoff  and  Entenman, 
1938;  Riddle  and  Senum,  1939;  Zondek  and  Marx,  1939;  Fleischmann 
and  Fried,  1945;  Horlick  and  Katz,  1948;  Chaikoff  et  al.,  1948),  re¬ 
peated  implantations  of  diethylstilbestrol  induced  a  marked  hyper¬ 
lipemia.  The  plasma  and  tissue  lipid  levels  at  the  end  of  the  experi¬ 
ment  are  shown  in  table  3.  The  stilbestrol-treated  cockerels  exhibited 
a  marked  increase  in  carcass  total  fatty  acid  and  total  lipid,  due  prin¬ 
cipally  to  an  increased  neutral  fat.  Carcass  lipid  phosphorus  was 
slightly  elevated;  cholesterol  was  maintained  at  control  levels.  All  the 
visceral  organs  analyzed  (except  for  the  heart)  had  a  significant  eleva¬ 
tion  in  total  fatty  acid  and  total  lipid  concentration.  Liver  total  fatty 
acid  increased  almost  four-fold,  to  a  value  of  19,160  mg  %.  All  organs 
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Table  2.  Average  organ  weights  of  control  (group  1)  and  stilbestrol- 
IMPLANTED  (GROUP  2)  CHICKS 


Group  1 

Group  2 

Bird 

2036  grams 
Range:  1863-228H 

2351  grams 

Range:  2311-2391 

Dressed  Gareass 

1887 

Range:  1710-2100 

2159 

Range:  2050-2268 

Liver 

53.23 

Range:  49.85-58.89 

63.71 

Range:  62.98-64.45 

Kidney 

15.54 

Range:  14.88-16.60 

18  22 

Range:  17.18-19.26 

Heart 

8  85 

Range:  8.38-9.15 

8.00 

Range :  7 . 58-8 . 42 

.\drenals 

0.13 

Range:  0.05-0.20 

0v24 

Range:  0 . 16-0.31 

Gut 

39.80 

Range: 35.90-47.18 

51 .39 

Range:  48.5-54.29 

Lung 

11.16 

Range:  9.38-12.50 

10.60 

Range:  8.39-12.81 

Table  3.  Plasma  and  tissue  lipids  of  control  (group  1)  and  stilbestrol- 
IMPLANTED  (GROUP  2)  CHICKS 


Group 

Lipid 

Phos¬ 

pho¬ 

lipid* 

Phos¬ 

pho¬ 

lipid 

fatty 

acidt 

Total 

chol. 

Free 

chol. 

Esteri¬ 

fied 

chol. 

Ratio 

F/T 

chol.t 

Ratio: 
T.  chol. 
Lipid 

Esteri¬ 

fied 

chol. 

fatty 

acid§ 

Total 

fatty 

acid 

Neu¬ 
tral 
fat 
fatty 
acid  II 

Total 

lipid 

(Calc.)*! 

Cares  ss-1 

mg.  % 
24.4 

mg.  % 
634 

mg.  % 
425 

mg.  % 

116 

mg  .  % 
109 

mg.  % 

7 

.94 

4.7 

mg.  % 

5 

mg.  % 
6710 

mg.  % 
6280 

mg.  % 
7035 

Carras8-2 

29.1 

757 

507 

119 

112 

7 

.94 

4.1 

5 

12 , 100 

11,585 

12,466 

Liver-1 

86 

2235 

1496 

287 

277 

10 

.97 

3.3 

7 

5340 

3&37 

6366 

Liver-2 

120 

3120 

2090 

433 

379 

54 

.88 

4.6 

39 

19,160 

17,031 

20,623 

Kidney-1 

66 

1717 

1858 

252 

242 

10 

.96 

3.8 

7 

4910 

3045 

5021 

Kidney-2 

117 

3040 

2040 

351 

329 

22 

.94 

3.0 

16 

6360 

4304 

7711 

Heart-1 

83.8 

2180 

1460 

155 

147 

8 

.95 

1.7 

5.8 

12,790 

11,324 

13,665 

Heart-2 

98.0 

2550 

1718 

186 

172 

14 

.92 

1.9 

10 

6830 

5102 

7848 

Adrenal-1 

1.38 

3590 

2405 

1157 

515 

642 

.44 

8.4 

469 

_ 

_ 

_ 

Adrenal-2 

152 

3950 

2645 

4160 

618 

3442 

.24 

26.7 

2512 

— 

— 

— 

Gut-1 

51 

1327 

890 

246 

236 

10 

.96 

4.8 

7 

4750 

3853 

54.33 

Gut-2 

53 

1379 

924 

280 

269 

11 

.96 

5.3 

8 

6170 

5238 

6905 

Lung- 1 

69 

1795 

1202 

477 

468 

9 

.98 

6.9 

6.5 

3760 

2551 

4829 

Lung-2 

88 

2290 

1535 

519 

468 

51 

.90 

5.9 

37 

5150 

3578 

6424 

Plasma-1 

7.1 

184 

124 

70 

33 

37 

.47 

10 

27 

384 

233 

514 

Pla8ma-2 

125 

3303 

2215 

675 

510 

165 

.76 

5.3 

125 

13,800 

11,460 

15,563 

Choi,  ^cholesterol. 

*  Phospholipid  —lipid  P  X26. 
t  Phospholipid  Fatty  Acid -phospholipid  X. 67. 


t 


Ratio  F/T  chol.  -Ratio: 


free  cholesterol 
total  cholesterol' 


Esterified  chol.  fattjr  acid  — Esteri6ed  cholesterol  X. 73. 

Neutral  fat  fatty  acid  —Total  fatty  acid  —  (phospholipid  fatty  acid  +cholesterol  fatty  acid). 

Total  lipid  -  phospholipid  +total  cholesterol  +esterified  cholesterol  fatty  acid  +neutral  fat  fatty  acid. 
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Table  4.  Calculation  of  body  total  cholesterol* 


Ti.ssue 

Group  1- 
mg  cholesterol 

Group  2- 
mg  cholesterol 

Carca,ss 

2190 

2569 

Liver 

153 

276 

Kidnev 

38 

64 

Heart 

14 

15 

Adrenal 

2 

10 

Gut 

98 

144 

Lung 

53 

52 

Total 

2548 

3130 

Over-all  Tissue  Concentration  t 

110  mg  % 

115  mg  % 

Plasma  t 

6311 

69511 

Over-all  total  § 

2611 

3825 

Over-all  body  concentration 

105  mg  % 

132  mg  % 

Revised  Plasma# 

32 

348 

Revised  Over-all  total# 

2580 

3478 

Revised  Over-all  Body  Concentration 

107 

124 

*  Calculation  of  body  total  cholesterol  =  cholesterol  concentration  (see  table  3) 
X  tissue  weight  (see  table  2). 

.  „  ..  total  cholesterol  in  tissues 

t  Over-all  tissue  concentration  = - r-rz — r—- - . 

weight  of  tissues 

J  Plasma:  calculation:  blood  volume  =8%  of  the  chick’s  body  weight;  plasma 
volume  =  .55  X blood  volume;  complete  exanguination  is  assumed. 

§  Over-all  total  =  total -|- plasma. 

4  Blood  volume  =  163  cc,  plasma  volume  =90  cc. 

Blood  volume  =  188  cc,  plasma  volume  =  103  cc. 

#  Based  on  an  a.ssumed  50%  exsanguination,  with  50%  retention  of  blood  in  tissues. 


Table  5.  Calculation  of  total  phospholipid.in  tissues* 


Tissue 

Group  1- 
mg  phospholipid 

Group  2- 
mg  phospholipid 

Carcass 

12,000 

16,600 

Liver 

1,092 

1 ,985 

Kidney 

267 

555 

Heart 

192 

204 

Adrenal 

5 

9 

Gut 

528 

708 

Lung 

195 

243 

Total 

14,279 

20,304 

Concentration  t 

618  mg 

% 

722  mg  % 

Plasmat 

166 

3,400 

Over-all  total  f 

14,445 

23,704 

Over-all  concentration 

584  mg 

% 

815  mg  % 

Revised  plasma t 

83 

1,700 

Revised  over-all  total# 

14,362 

22,004 

Revised  over-all  concentration 

600  mg 

% 

782  mg  % 

*  Calculation  of  total  phospholipid  in  tissues  =  phospholipid  concentration  (see 
table  3)  X  tissue  weight  (see  table  2). 
t  For  symbols  see  Table  4. 
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also  exhibited  an  increased  cholesterol  concentration.  The  greatest 
increments  noted  were  for  the  hepatic  and  adrenal  cholesterol,  51% 
and  260%  respectiv^ely.  A  predominant  rise  in  esterified  cholesterol 
was  responsible  for  the  increased  total  cholesterol  in  the  adrenal 
(table  3).  All  visceral  organs  also  had  an  increased  lipid  phosphorus 
concentration.  For  the  adrenal,  liver  and  kidney,  the  per  cent  in¬ 
creases  in  lipid  phosphorus  were  10,  40  and  77%  respectively.  The 
slight  change  in  adrenal  phospholipid  contrasts  with  the  marked  ri.se 
in  adrenal  cholesterol.  None  of  the  organs  exhibited  the  marked  rise  in 
lipid  phosphorus  noted  in  the  plasma. 

The  calculations  of  body  total  cholesterol  and  body  total  phos¬ 
pholipid  are  presented  in  tables  4  and  5.  The  experimental  and  control 
groups  had  a  sum  total  cholesterol  of  3,130  and  2,548  mg.  re.spectively 
in  their  tis.sues.^  The  over-all  tissue  cholesterol  concentration  was  115  and 
110  mg  %  respectively.  Body  total  cholesterol  concentration®  was  sig¬ 
nificantly  greater  in  the  stilbesterol-implanted  birds  than  in  the  con¬ 
trols  (table  4).  Both  tissue  and  body  phospholipid  concentrations  were 
significantly  greater  in  the  estrogen-treated  chicks  (table  5). 

DISCUSSION 

Chronic  administration  of  estrogens  to  the  chick  induces  a  pro¬ 
longed  hyperlipemia,  with  increase  in  all  plasma  lipid  elements  (Hor- 
lick  and  Katz,  1948;  Stamler  et  al.,  1950;  Chaikoff  et  al.,  1948). 
Concomitantly  there  is  a  significant  increase  in  the  concentration  of 
tissue  lipids.  An  elevation  is  induced  in  cholesterol,  phospholipid  and 
fatty  acid  concentrations  in  the  heart,  adrenal,  gut,  lung,  kidney  and 
liver.  No  organ  exhibits  a  decreased  cholesterol  or  phospholipid  con¬ 
centration.  As  noted  by  others  Lorenz  (1943,  1945),  there  is  deposition 
of  large  quantities  of  neutral  lipid  in  the  fat  depots,  with  a  marked 
rise  in  carcass  total  fatty  acid.  Total  cholesterol,  pho.spholipid  and 
fatty  acid  of  the  body  increase.  The  over-all  concentration  of  each  of 
these  lipids  in  the  body  also  increases. 

These  findings  indicate  that  the  explanation  of  stilbestrol-induced 
hyperlipemia  advanced  by  Zondek  and  ]\Iarx  (1939)  and  by  Fleisch- 
mann  and  Fried  (1945)  is  inadequate.  The  latter  workers  observed  no 
alteration  in  body  total  cholesterol  content  when  stilbestrol  was 
administered  for  several  days.  They  therefore  concluded  that,  “The 
changes  in  serum  cholestrol  .  .  .  are  not  due  to  changes  in  synthesis  or 
destruction  of  cholesterol,  but  to  alterations  in  the  distribution  of 
cholesterol  between  plasma  and  tissues.”  Since  our  data  indicate 
simultaneous  elevation  of  both  plasma  and  tissue  lipid  levels,  includ- 

*  This  value  represents  the  sum  of  cholesterol  in  the  tissues  analyzed;  it  includes 
residual  blood  trapped  in  these  tissues  and  not  shed  during  terminal  exsanguination. 

*  These  values  (overall  body  concentration  and  revised  overall  body  concentration 
table  4)  are  calculated  based  on  both  tissue  and  plasma  cholesterol  concentrations; 
100%  and  60%  exsanguination  respectively  is  assumed. 
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ing  cholesterol  and  phospholipid,  the  foregoing  conclusion  would 
appear  invalid.  Hypercholesterolemia,  hyperphospholipemia  and  hy¬ 
perlipemia  in  stilbestrol-implanted  chicks  cannot  be  attributed 
solely  to  mobilization  of  lipids  from  the  tissues. 

In  a  previous  report  from  this  laboratory,  data  were  presented 
demonstrating  that  chronic  stilbestrol-induced  hyperlipemia  super¬ 
venes  in  chicks  fed  a  low  fat,  cholesterol-free  mash  (Horlick  and  Katz, 
1948).  Zondek  and  Marx  (1939)  have  demonstrated  that  this  hyper¬ 
lipemia  also  occurs  in  acutely  starved  birds  given  estrogens.  Thus  it 
may  be  further  concluded  that  the  increased  plasma  lipids  need  not  be 
derived  from  exogenous  fat. 

Chaikoff  and  co-workers  (Fishier,  Entenman,  Montgomery  and 
Chaikoff,  1943),  have  shown  in  tracer  studies  that  the  liver  is  the  main 
source  of  plasma  phospholipids.  In  acute  experiments,  stilbestrol 
does  not  induce  a  rise  in  hepatic  phospholipids  (Ranney,  Entenman 
and  Chaikoff,  1949).  However,  estrogen  stimulates  an  increased  rate 
of  phospholipid  synthesis  in  chick  excised  liver  slices  (Taurog  et  al., 
1944).  These  findings  suggest  that  stilbestrol-induced  hyperphospho¬ 
lipemia  in  the  chick  is  due  to  a  greater  rate  of  hepatic  phospholipid 
formation. 

Other  studies  have  indicated  that  estrogens  exert  an  effect  oppo¬ 
site  to  that  of  thyroid  on  lipid  metabolism.  While  estrogens  promote 
lipid  synthesis,  thyroid  hormone  accelerates  fat  destruction  (Abelin 
and  Klingler,  1948;  Stetten,  1949;  Stamler  et  al.,  1950;  Katz  and 
Stamler,  1950).  Moreover,  stilbestrol  depresses  thyroid  function, 
probably  by  inhibiting  the  pituitary  (Farbman,  1944;  Koenig,  Gas- 
sner  and  Gustavson,  1945;  Gassner,  Barrett  and  Gustavson,  1947). 

Our  data  support  these  conclusions  with  regard  to  the  influence  of 
estrogens  on  lipid  metabolism  in  the  cockerel.  They  demonstrate  a 
stilbestrol-induced  alteration  in  both  plasma  and  tissue  lipid  home¬ 
ostasis,  best  interpreted  as  being  the  result  of  increased  lipid  synthe¬ 
sis,  associated  with  normal  or  decreased  lipid  disposal  (excretion- 
destruction). 

SUMMARY 

Chronic  exhibition  of  stilbestrol  to  cockerels  results  in  a  sustained 
hyperlipemia,  with  an  increased  tissue  concentration  of  cholesterol, 
phospholipid  and  neutral  fat.  Body  total  cholesterol,  phospholipid  and 
neutral  fat  concentrations  are  increased. 

Stilbestrol  apparently  influences  lipid  metabolism  by  effecting  in¬ 
creased  lipid  synthesis,  associated  with  normal  or  decreased  lipid  dis¬ 
posal. 

ACKNOWLEDGMENTS 

We  wish  to  express  our  appreciation  to  Messrs.  P.  Johnson  and  G. 
Crowley  for  their  assistance  in  this  project. 


April,  1950 


ESTROGENS  AND  LIPIDS 


381 


REFERENCES 

Abelin,  I.,  AND  K.  Klinoler:  Helv.  Physiol.  Pharm.  Acta  6:  1.  1948. 

Chaikoff,  I.  L.,  S.  Lindsay,  F.  VV.  Lorenz  and  C.  Entenman:  J.  Exper.  Med.  88' 
373.  1948. 

Farbman,  a.  a.;  J.  Clin.  Endocrinol.  4;  17.  1944. 

Fishler,  M.  C.,  C.  Entenman,  M.  L.  Montgomery  and  I.  L.  Chaikoff:  J.  B  ol. 
Chem.  150:  47.  1943. 

Fleischmann,  W.,  and  I.  A.  Fried:  Endocrinology  36:  406.  1945. 

Gassner,  F.  X.,  H.  W.  Barrett  and  II.  G.  Gustavson:  Trans.  Am.  Assoc.  Study  of 
Goiter,  page  156,  1947. 

lIoRLiCK,  L.,  AND  L.  N.  Katz:  j.  Lab.  &  Clin.  Med.  33:  733.  1948. 

IIoRLiCK,  L.,  L.  N.  Katz  and  J.  Stamler:  Am.  Heart  J.  37:  689.  1949. 

Katz,  L.  N.,  J.  Stamler  and  L.  Horlick:  Am.  Prac.  1950,  in  press. 

Koenig,  V.  L.,  F.  X.  Gassner  and  R.  G.  Gdstavson:  Am.  J.  Physiol.  144:  363.  1945. 
Lorenz,  F.  W.:  Poultry  Sci.  22:  190.  1943. 

Lorenz,  F.  W.:  Poultry  Sci.,  24:  91,  128,  1945. 

Lorenz,  F.  W.,  I.  L.  Chaikoff  and  C.  Entenman:  J.  Biol.  Chem.  126:  763.  1938. 
Man,  E.  B.,  and  E.  F.  Gildea:  J.  Biol.  Chem.  99:  43.  1932. 

Man,  Fi.  B.,  and  J.  P.  Peters:  J.  Biol.  Chem.  101:  685.  1933. 

Ranney,  R.  E.,  C.  FiNTENMAN  AND  1.  L.  Chaikoff:  J.  Biol.  Chem.  180:  307.  1949. 
Riddle,  O.  and  T.  Senijm:  Anat.  Rec.  75:  58.  1939. 

ScHOENHEiMER,  R.,  AND  W.  M.  Sperry:  J.  Biol.  Chem.  106:  745.  1934. 

Stamler,  J.,  E.  N.  Silber,  A.  J.  Miller,  L.  Akman,  C.  Bolene  and  L.  X.  Katz:  J. 
Lab.  &  Clin.  Med.  35:  351.  1950. 

Stetten,  de  W.,  Jr.:  Recent  Progress  in  Hormone  Res.  4:  189.  1949. 

Taurog,  a.,  F.  W.  Lorenz,  C.  Entenman  and  I.  L.  Chaikoff.  Endocrinology,  35: 
483.  1944. 


THE  LIPOTROPIC  ACTION  OF  DESICCATED  THYROID 
IN  THE  CHOLESTEROL-FED  CHICK' 


J.  STAMLER,2  C.  BOLENE,*  E.  LEVINSON  and  M.  DUDLEY 
From  the  Cardiovascular  Department,  Medical  Research  Institute, 

M ichael  Reese  Hospital 

CHICAGO,  ILLINOIS 

Chronic  cholesterol  feeding  leads  to  the  development  of  a  fatty 
liver  in  the  chick.  As  in  the  rat  (Okey,  1933;  Okey,  1933;  Chanutin 
and  Ludevvig,  1933),  this  fatty  liver  has  a  high  content  of  both  free 
and  esterified  cholesterol  (Stamler  et  al.,  1948).  Previous  workers 
have  shown  that  the  cholesterol  fatty  liver  is  resistant  to  the  lipotropic 
action  of  lecithin,  choline,  inositol  or  lipocaic  (Best  and  Ridout, 
1933;  Best  and  Ridout,  1936;  Best,  Channon  and  Ridout,  1934; 
Channon  and  Wilkinson,  1934;  Best  and  Ridout,  1935;  Cook,  1936; 
Gavin,  Patterson  and  McHenry,  1943;  Ridout,  Lucas,  Pattenson 
and  Best,  1946).  Our  ob.se rvations  on  cholesterol-fed  chicks  are  in 
agreement  with  the.se  findings.  Thus  choline  (1%)  and  inositol  (1%) 
fed  together  with  cholesterol  (j  to  2%)  for  15  to  25  weeks  are  only 
partially  effective  against  hepatic  cholesterosis  (Katz,  Stamler  and 
Horlick,  1950). 

In  conjunction  with  studies  on  experimental  atherosclerosis  (Katz, 
Stamler  and  Horlick,  1950;  Stamler  et  al.,  1950),  we  investigated  the 
lipotropic  action  of  desiccated  thyroid  on  liver  lipids  in  cholesterol- 
fed  chicks.  We  found  thyroid  hormone  to  be  highly  effective  in  pre- 
v'enting  the  cholesterol  fatty  liver. 

METHODS 

One  day  old  Hy-line  cockerels  were  obtained  from  a  commercial  hatchery 
and  raised  in  a  battery  brooder.  They  were  fed  a  commercial  chick  starter 
mash  of  known  composition  (Horlick,  Katz  and  Stamler,  1949).  At  6  weeks 
of  age  18  birds  were  divided  into  6  groups  of  3  each.  Thereafter  they  were 
maintained  on  the  experimental  diets  indicated  in  table  1.  Desiccated  thy¬ 
roid  was  mixed  with  the  various  mashes  (Groups  4,  5,  6)  in  a  concentration 
of  0.5%.  The  effect  of  thyroid  hormone  on  liver  lipids  was  studied  in  chicks 
fed  2%  cholesterol  mash  (Group  5)  or  2%  cholesterol- — 5%  cottonseed  oil 
mash  (Group  6).  Appropriate  plain  mash  and  cholesterol  mash  controls  were 
also  maintained  (Groups  1-4). 
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Table  1.  Experimental  diets  used 


Group  No. 

Plain  mash 

Cholesterol 

Cottonseed  oil 

Thyroid 

% 

% 

% 

% 

1 

100 

0 

0 

0 

2 

98 

2 

0 

0 

3 

93 

2 

5 

0 

4 

99.5 

0 

0 

0.5 

5 

97.5 

2 

0 

0.5 

6 

92.5 

2 

5 

0.5 

All  birds  were  weighed  weekly;  a  record  of  feed  intake  was  kept.  The  birds 
were  continued  on  experimental  diets  for  15  weeks.  At  this  time  they  were 
sacrificed  by  decapitation  and  exsanguination.  The  livers  were  immediately 
removed,  weighed  wet,  and  minced  with  a  fine  scissors.  Livers  of  birds  in  the  * 
same  group  were  pooled  and  thoroughly  mixed.  Appropriate  aliquots  were 
taken  for  overnight  extraction  with  hot  alcohol-ether  (3:1)  or  hot  acetone- 
alcohol  (1:1).  All  tissues  were  triply  extracted.  The  Schoenheimer-Sperry 
method  (1934)  was  used  to  determine  free  and  total  cholesterol  in  aliquots  of 
the  acetone-alcohol  extract.  The  methods  of  Man  et  al.  (1932,  1933)  were 
used  to  estimate  hepatic  lipid  phosphorus  and  total  fatty  acids  in  aliquots  of 
the  alcohol-ether  extract. 


RESULTS 

The  birds  fed  cholesterol  mash  (Groups  2  and  3)  tended  to  weigh 
less  than  the  chicks  given  plain  mash  (table  2).  Their  liver  weights 
were  also  lower.  Birds  fed  thyroid  and  cholesterol  (Groups  5  and  6) 
had  body  and  liver  weights  similar  to  the  normal  controls  (Group  1). 
No  significant  differences  in  feed  consumption  were  noted  among  the 
various  groups. 

Table  2.  .4verage  weight  of  chicks  and  livers  of  several  groups 

AT  END  OF  EXPERIMENT 


Group 


Average  Average 

bird  weight  liver  weight 


gms. 

gms. 

1 

2036 

53.2 

2 

1717 

34.4 

3 

1843 

37.7 

4 

1946 

28.5 

5 

1966 

49.1 

6 

2108 

31.0 

Chronic  exhibition  of  cholesterol  induced  a  marked  hepatic  choles- 
terosis  (table  3),  accompanied  by  hypercholesterolemia  and  hyper¬ 
lipemia  (Stamler  et  al.,  1948).  The  liver  total  cholesterol  concentration 
increased  approximately  ten-fold.  Despite  the  reduction  in  liver 
weight  (table  2),  the  total  hepatic  cholesterol  was  significantly  in¬ 
creased.  Both  relatively  and  absolutely,  esterified  cholesterol  rose 
more  than  free  cholesterol  (Stamler  et  al.,  1948);  Chanutin  and 
Ludewig,  1933).  Hence  the  ratio  free  cholesterol/total  cholesterol 
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decreased  markedly.  The  phospholipids  were  increased  only  30  to 
50%  by  cholesterol  feeding.  Consequently  the  ratio  total  cholesterol 
/lipid  phosphorus  rose  several-fold.  The  total  fatty  acids  did  not 
change  significantly.  With  the  elevation  in  phospholipids,  and  par¬ 
ticularly  cholesterol  esters,  the  calculated  neutral  fat  fatty  acids  were 
significantly  decreased.  Calculated  total  lipids  were  moderately  ele¬ 
vated  (table  3). 

Feeding  chicks  desiccated  thyroid  concomitantly  with  cholesterol 
completely  altered  the  hepatic  lipid  pattern  (table  3).  This  was  true 
in  chicks  fed  cholesterol  with  or  without  a  supplement  of  cottonseed 


Table  3.  Liver  lipid  data 


Group 

Lipid 

Phos- 

pho- 

Phos¬ 

pho¬ 

lipid 

Total 

chol. 

Free 

chol. 

Ester¬ 

ified 

Ratio: 

F/T 

Ratio: 
T.  chol. 

Ester¬ 

ified 

chol. 

Total 

fatty 

Neu¬ 

tral 

fat 

Total 
lipid  i 

lipid* 

fatty 

acid{ 

chol. 

chol. 

Lipid  P 

fatty 

acidt 

acid  !l 

fatty 

acid*[ 

(calc.) 

1 

Plain  mash 

m«.  % 

mg.  % 

mg.  % 

mg.  % 

mg.  % 

mg.  % 

mg.  % 

mg.  % 

mg.  % 

mg.  % 

86 

2230 

1494 

287 

277 

10 

.97 

3.3 

7 

5340 

3839 

6363 

Cbol.-mash 

128 

3315 

2220 

3130 

1006 

2124 

.32 

24.4 

1550 

5050 

1280 

9275 

Chol.-Oil 

mash. 

113 

2930 

1962 

2860 

1260 

1600 

.44 

25.3 

1167 

4690 

1561 

8518 

Thyroid  mash 

120 

3135 

2100 

414 

344 

70 

.83 

3.4 

51 

2310 

159 

3759 

Tlwoid- 

Chol.-mash 

6 

Thyroid- 

Chol.-Oil 

mash 

90 

2580 

1728 

392 

278 

114 

.71 

4.0 

83 

5870 

4059 

7114 

58 

1500 

1005 

163 

77 

86 

.47 

2.8 

63 

3210 

2142 

3868 

Choi,  ^cholesterol;  F  =free:  T  “total;  calc,  “calculated. 

*  Lipid  P  X26. 

t  Esterified  cholesterol  X.73. 

j  Phospholipid +cholesterol-(-esteri6ed  cholesterol  fatty  acid+neutial  fat  fatty  acid. 

§  Phospholipid  X. 67. 

IT  Expressed  as  Oleic  acid. 

H  Total  fatty  acid  —  (phospholipid  fatty  acid +cholesterol  fatty  acid). 

oil.  The  total  cholesterol  and  phospholipid  concentrations  and  the 
ratios  total  cholesterol /lipid  phosphorus  were  approximately  at 
control  levels.  However,  cholesterol  esters  were  elevated  and  the  ratios 
free  cholesterol/total  cholesterol  were  reduced.  This  was  the  only 
abnormal  finding.  Total  fatty  acids,  neutral  fat  fatty  acids  and  total 
lipid  were  either  at  (Group  5)  or  below  (Group  6)  control  levels.  The 
livers  of  the  Group  6  birds  (thyroid -|- cholesterol -b  cottonseed  oil 
mash)  exhibited  a  decrease  below  control  values  in  all  the  lipid  ele¬ 
ments.  These  effects  on  hepatic  lipids  were  associated  with  a  marked 
but  incomplete  alleviation  of  cholesterol-induced  hyperlipemia  (tStam- 
ler  et  al.,  1950). 

DISCUSSION 

Desiccated  thyroid  is  highly  effective  as  a  prophylactic  lipotropic 
agent  against  the  cholesterol  fatty  liver  of  chicks  fed  this  sterol  for 
long  periods.  This  finding  supplements  previous  reports  on  the  rela¬ 
tionship  between  thyroid  function  and  the  lipids,  particularly  choles- 


April,  1950 


LIPOTROPIC  EFFECT  OF  THYROID 


385 


terol.  Thus  it  has  long  been  known  clinically  that  the  plasma  choles¬ 
terol  tends  to  vary  inversely  as  the  basal  metabolic  rate  (Epstein  and 
Lande,  1917;  Peters  and  Van  Slyke,  1946).  More  recently,  Enten- 
man  et  al.  showed  experimentally  that  thyroidectomized  dogs  fed  a 
high  protein  diet  develop  a  fatty  liver  which  is  prevented  by  choline 
(Entenman,  Chaikoff  and  Reichert,  1948;  Entenman,  Chaikoff,  Gill- 
man  and  Reichert,  1948).  Forbes  (1944)  demonstrated  that  the  fatty 
liver  produced  in  rats  fed  a  choline-free,  low  protein,  high  carbohy¬ 
drate  diet  is  cured  by  thyroxine  therapy,  if  choline  is  given  simul¬ 
taneously.  Handler  (1948)  found  that  hypothyroidism  results  in  a 
marked  hepatic  cholesterosis  and  a  moderate  lipidosis  in  both  control 
and  choline-deficient  rats.  In  both  sets  of  animals,  these  hepatic  lipid 
abnormalities  respond  to  thyroid  therapy. 

None  of  these  investigators  determined  whether  or  not  thyroid  is 
lipotropic  against  the  hepatic  cholesterosis  produced  by  feeding  this 
sterol.  We  found  that  this  cholesterol  fatty  liver,  which  is  highly  resist¬ 
ant  to  the  action  of  most  lipotropic  factors,  is  readily  prevented  by 
thyroid.  The  lipotropic  effectiveness  of  desiccated  thyroid  observed 
in  our  study  cannot  be  attributed  to  undernutrition,  since  the  thyroid- 
cholesterol-fed  chicks  exhibited  normal  feed  intake,  growth  and  de¬ 
velopment.  Neither  is  this  action  of  thyroid  hormone  due  merely  to  a 
generalized  increase  in  metabolic  rate,  since  the  hypermetabolism- 
inducing  drug  dinitrophenol  (Cutting,  Rytand  and  Tainter,  1934) 
has  little  lipotropic  effect  in  cholesterol-fed  chicks  (Stamler  et  al., 
1950). 

Thyroid  exerts  a  prophylactic  effect  against  hepatic  cholesterosis 
apparently  because  hormone  and  lipid  enter  into  specific  common 
biochemical  reactions  in  intermediate  metabolism  (Cutting,  Rytand 
and  Tainter,  1934;  Fleischmann  and  Shumacker,  1942;  Hoffman  and 
Hoffmann,  1943;  Marx,  Meserve  and  Deuel,  1948;  Ershoff  and  Marx, 
1948;  Abelin  and  Klingler,  1948;  Stamler  et  al.,  1950).  The  liver  would 
appear  to  be  a  significant  site  of  these  reactions.  Although  their  precise 
nature  is  obscure,  limited  data  are  available.  Several  workers  have 
suggested  that  thyroid  hormone  influences  the  rate  of  hepatic  removal 
of  fatty  acids  from  cholesterol  esters  (Bloor,  1943;  Gubner  and  Unger- 
leider,  1949).  Others  have  recently  postulated  that  thyroid  influences 
cellular  lipid  metabolism  and  sterol  concentrations  by  stimulating  the 
enzymatic  conversion  of  phospholipids  to  lysolecithin  (Hoffman  and 
Hoffmann,  1943;  Foldes  and  Murphy,  1946).  Flock  et  al.  (1948)  have 
shown  that  the  rate  of  turnover  of  hepatic  phospholipids  is  increased 
by  administration  of  thyroxine  and  decreased  by  exhibition  of  thiou- 
racil.  Cholesterol  slows  hepatic  phospholipid  turnover  rate  (Perlman 
and  Chaikoff,  1939),  possibly  by  its  antithyroid  effect  (Marx,  Me¬ 
serve  and  Deuel,  1948). 

Further  studies  with  tracer  substances  are  needed  to  clarify  the 
cholesterol-thyroid  interrelationship  in  intermediate  metabolism. 
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SUMMARY 

Desiccated  thyroid  is  highly  effective  as  a  lipotropic  agent  against 
the  cholesterol  fatty  liver  induced  in  chicks  chronically  fed  this  sterol. 
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INFLUENCE  OF  VARIOUS  STEROIDS  ON  THE 
OXIDATIVE  FUNCTION  OF  RAT  TISSUE 
PREPARATIONS' 
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From  the  Departments  of  Biochemistry  and  Medicine,  IFes/erw  Reserve 
University  School  of  Medicine  and  Lakeside  Hospital 

CLEVELAND,  OHIO 

This  study  was  undertaken  to  ascertain  what  influence  steroid 
hormones  may  have  on  tissue  respiration,  and  secondly,  if  any  effect 
could  be  demonstrated,  which  specific  enzymes  were  involved.  Early 
in  the  course  of  our  work  Gordon  and  Elliot  (1947)  reported  that 
testosterone  and  other  steroids  depressed  the  in  vitro  aerobic  respira¬ 
tion  of  rat  brain  in  the  presence  of  glucose.  More  recently  Eisenberg, 
Gordon,  and  Elliot  (1949)  have  reported  that  testosterone  su.spen- 
sions  inhibit  the  oxygen  uptake  of  rat  brain,  liver,  and  striated  mus¬ 
cle  slices.  Our  studies  confirm  and  extend  these  studies.  In  this  com¬ 
munication  data  on  the  inhibitory  action  of  various  steroids  on  oxygen 
uptake  of  liver,  kidney,  and  brain  preparations  are  presented,  while 
another  paper  (Hayano  and  Dorfman,  1950)  deals  .specifically  with 
the  inhibition  of  the  D-amino  acid  oxidase  .system  by  desoxycortico.s- 
terone. 

PROCEDURES 

Preparation  of  Tissues 

Slices. — Livers,  kidneys,  and  brains  of  adult  male  albino  rats  (100-200  g.) 
were  removed  shortly  after  the  animals  had  been  decapitated  and  bled.  The 
tissues  were  chilled  on  ice,  washed  in  ice  cold  saline  to  remove  adhering  blood, 
and  the  slices  cut  immetliately  thereafter.  For  liver  studies,  three  slices, 
totaling  about  100  mg.  wet  weight  were  used  in  each  flask  in  most  experi¬ 
ments,  while  others  contained  approximately  250  mg.  of  tissue  wet  weight. 
In  kidney  studies,  three  slices  representing  about  75  mg.  wet  weight  were 
used.  Brain  slices  were  somewhat  thicker  than  the  other  tissue  slices  and 
totalled  approximately  150  mg.  wet  weight  per  three  slices. 

Homogenate  Fractions. — Homogenization  of  washed  brain  in  a  volume  of 
cold  saline  sufficient  to  make  a  10  per  cent  preparation  was  carried  out  in  the 
apparatus  of  Potter  and  Elvehjem  (1936).  This  was  then  strained  through 
gauze  and  centrifuged  for  ten  minutes  at  2,000  g.  The  re.sulting  cloudy 

Received  for  publication  January  17,  1950. 

*  This  investigation  was  supported  in  part  by  a  grant  (HG  1050)  from  the  Division 
of  Research  Grants  and  Fellowships  of  the  National  Institutes  of  Health,  United 
States  Public  Health  Service,  and  a  Fellowship  Grant  from  CMba  Pharmaceutical 
Products,  Inc. 


3»7 


388 


HAYANO,  SCHILLER  AND  DORFMAN 


V'olume  46 


supernatant  fluid  was  poured  off  into  a  test  tube,  made  up  to  the  original 
homogenate  volume  with  saline,  and  saved  for  use.  The  homogenate  residue 
was  then  suspended  in  9  volumes  of  cold  saline  and  centrifuged  for  another 
10  minute  period.  This  supernatant  fluid  was  discarded  and  the  residue 
made  up  to  the  original  homogenate  volume  with  cold  saline.  These  opera¬ 
tions  were  carried  out  in  a  1°  C.  cold  room. 

Other  Tissue  Preparations. — The  boiled  liver  extract  was  prepared  from  a 
10  per  cent  fresh  rat  liver  homogenate  heated  in  a  boiling  water  bath  for 
10  minutes.  The  coagulated  proteins  were  filtered  off  and  the  opaque  greenish 
yellow  filtrate  used. 

Incubation 

All  oxygen  uptake  measurements  were  made  with  the  Warburg  apparatus 
for  a  duration  of  90  minutes  at  38°  C. 

Slice  Experiments. — The  incubation  mixture  consisted  of  0.1  ml.  glucose 
solution  containing  0.5  mg.,  2.9  ml.  Krebs- Ringer  phosphate  buffer  pH  7.0, 
tissue  slices,  and  steroids  as  indicated.  The  gas  phase  was  air.  0.2  ml.  of  20 
per  cent  KOH  was  placed  in  the  center  wells. 

Homogenate  Experiments. — The  incubation  mixture  consisted  of  0.5  ml. 
boiled  extract  of  liver,  magnesium  sulfate  0.003M,  potassium  chloride 
0.015M,  0.017M  sodium  phosphate  buffer  pH  7.4,  0.5  ml.  homogenate  super¬ 
natant  fraction  or  0.5  ml.  residue  suspension,  or  both,  and  saline  to  make 
3.0  ml.  The  concentration  of  desoxycorticosterone  was  0.8  mg.  All  flasks 
were  gassed  with  tank  oxygen  just  prior  to  introduction  into  the  bath.  0.1  ml. 
of  20  per  cent  KOH  was  placed  in  the  center  wells. 

Steroid  Additions. — The  steroids  and  related  compounds  were  weighed 
into  the  flasks  when  the  concentration  used  was  1  mg.  or  over.  Smaller 
amounts  were  added  in  the  form  of  an  ether  solution  which  was  evaporated 
immediately  with  a  jet  of  air. 


RESULTS 

The  influence  of  various  steroids^  on  the  liver,  kidney,  and  brain 
oxygen  uptakes  are  summarized  in  Table  1. 

Rat  Liver  Slices. — Eight  androgens  were  studied  of  which  four 
produced  significant  inhibition  of  oxygen  uptake.  These  are  testos¬ 
terone,  dehydroisoandrosterone,  methyltestosterone,  and  A^-andros- 
tenedione-3,  17.  The  effects  with  androsterone  were  inconsistent. 
Early  studies  indicated  a  significant  influence  at  between  2.2  to  4.0 
mg.  per  vessel.  Three  mg.  of  testosterone- 17-/3-diethyl  amino  ethyl 
carbonate  produced  an  intense  inhibition  of  74  per  cent.  Studies  with 
this  compound  are  complicated  by  the  possible  influence  of  the  Ci? 
substitution.  Four  steroids  possessing  steroid  hormonal  activity  other 
than  androgenic  w:ere  studied.  Of  these  desoxycorticosterone  was  the 
most  active.  Progesterone  and  estradiol  also  exhibited  inhibitory 
activity.  Three  steroids,  not  hormonally  active  w'ere  studied.  All 


*  The  steroids  were  supplied  by  Ciba  Pharmaceutical  Products,  Inc. 
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three,  cholesterol,  pregnanediol-3(a),20(a),  and  pregnanol-3(a)-one- 
20  were  ineffective  on  liver  slice  oxidations. 

Rat  Kidney  Slices. — Seven  androgens  were  studied  of  which  three 
were  active.  These  are  testosterone,  methyltestosterone,  and  dehydro- 
isoandrosterone.  The  inhibitory  action  of  androsterone  was  again 
variable. 

Desoxycorticosterone  and  estrone  inhibited  the  oxygen  consump¬ 
tion  of  kidney  slices  but  progesterone,  ethynyl  testosterone,  and 
estradiol  were  inactive  Five  hormonally  inactive  steroids,  cholesterol. 

Table  1.  Influence  of  various  steroids  on  oxygen  uptakes 

OF  RAT  TISSUE  SLICES 


1 

Rat  liver  slices  | 

Rat  kidney  slices  | 

Rat  brain  slices 

Cone. 

No.  %  Change 

Cone. 

No. 

%  Change 

Cone. 

No. 

%  Change 

Steroid  | 

mg./3  ml. 

of  compart 

mg./3  ml. 

ol 

compared 

mg./3  ml. 

of 

compared 

observ.  to  control  | 

observ.  to  control  | 

observ 

.  to  control 

Biologically  aelire  ' 

1 

Testosterone  I 

Te8toeterone-17-^Diethyl  1 

0.2  -4.0 

24  +1310-47 

2.0  -4.0 

3 

-29  to  -42  1 

2.0 

2 

-33 

Amino  Ethyl  Carbonate 

1.0  -3.0 

4  -11  to -74 

Methyltestoeterone  | 

0.2  -2.0 

3  -16  to -36 

1.0  -2.0 

3 

-25 

Androsterone  ; 

2.2  -4.0 

4  -53 

3.0 

1 

-25  I 

1.0  -4.0 

4  -10  to +15 

2.0  -4.0 

2 

-11  to  -14 

DehydrtHBoandroeterone 

0.2  -3.6 

8  -16  to -59 

0.2  -2.0 

7 

-34  to  -47 

0.5  -2.0 

3 

-36  to  -51 

Androstenedione^47 

1.0  -3.6 

4  -10  to -32 

2.0 

3 

-17 

A^Androstenediol.3 

1.0  -3.2 

4  -14  to  0 

2.0 

2 

-15 

AndrosUnedio|.3  (a),  1 7(0) 

2.0  -3.8 

3  -8 

2.0 

3 

-15 

A*®'*-Androetenone-3 

1.5 

1  -4 

Estradiol 

0.2  -3.0 

7  -  7  to  -23 

2.0 

3 

-  5 

Estrone 

0.2  -3.0 

8  +  4  to  -16 

0.2  -2.0 

4 

+  5  to  —33  ' 

Progesterone 

0.2  -3.5 

5  -  7  to  -30 

0.2  -3.0 

4 

-16 

2.0 

4 

-14 

Ethynyl  Testosterone 

1 

2.0 

2 

-4 

Desoxycorticosterone 

0.05-3.2 

7  -13  to -68 

0.05-2.0 

6 

—  16  to  —50 

0.05-2.0 

6 

-12  to  -60 

Biologically  inaetire 

Cholesterol 

2.2  -3.4 

3  -3 

1  2.0 

2 

-  9 

2.0 

2 

—2 

Pregnanediol-3(a), 20(a) 

1  0.2  -1.0 

3  +7 

2.0 

2 

-  2 

2.0 

3 

-H 

Pregnanol>3  (a)-one-20 

'  0.2  -3.0 

5  -11  to -13 

2.0 

1 

-14 

1 

AllopreKnanedio|.3(0),2O(a) 

2.0 

3 

-17 

AllopregnanedioUI(a), 20(a) 

2.0 

2 

-  5 

pregnanediol-3(a),20(a),  pregnanol-3(a)-one-20,  allopregnanediol- 
3(/8), 20(a),  and  allopregnanediol-3(a),20(a)  were  inactive. 

Rat  Brain  Slices. — Desoxycorticosterone,  dehydroisoandrosterone, 
and  testosterone  depressed  the  oxygen  con.sumption  of  this  tissue 
while  progesterone,  cholesterol,  and  pregnanediol-3(a),20(a)  were 
inactive. 

Since  de.soxycorticosterone  appeared  to  be  the  most  effective 
inhibitor  of  oxygen  consumption  this  steroid  was  selected  for  further 
studies.  A  homogenate  of  brain  was  prepared  and  tested  in  the  pres¬ 
ence  of  a  boiled  extract  of  liver  and  desoxycorticosterone.  A  strong 
suppression  of  oxygen  uptake  was  noted.  To  further  isolate  the  in¬ 
hibited  enzymatic  reaction  or  reactions,  a  fractionation  of  the  brain 
homogenate  was  undertaken.  Centrifugation  brought  about  a  resolu¬ 
tion  of  two  components,  the  supernatant  fluid  and  the  residue. 
Results  obtained  with  the  use  of  these  fractions  are  presented  in 
Table  2.  The  oxygen  uptakes  of  both  the  recombined  residue  and 
supernatant  fractions  and  the  residue  fraction  alone  were  inhibited 
about  58  per  cent  in  the  presence  of  desoxycorticosterone.  The  oxi- 
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dative  reactions  of  the  supernatant  fraction  were  suppressed  only  22 
per  cent  under  the  same  conditions. 

With  the  Use  of  the  washed  residue  fraction,  a  preliminary  investi¬ 
gation  of  the  effect  of  desoxycorticosterone  on  a  variety  of  oxidizable 
substrates  was  then  carried  out  with  the  result  that  the  oxidation  of 
every  substance  thus  tested  was  inhibited  within  30  to  90  per  cent. 
These  results  pointed  to  the  possibility  that  the  site  of  the  steroid 


Table  2.  The  influence  of  desoxycorticosterone  on  the  oxygen  uptakes 

OF  BRAIN  HOMOGENATE  FRACTIONS 


Total  mL  O2  uptake 
per  90  minutes 

Per  cent 
inhibition 

Supernatant  and  residue  fractions 

120 

Supernatant  and  residue  fractions  plus  desoxy¬ 
corticosterone 

49 

59 

Residue  fraction 

95 

Residue  fraction  plus  desoxycorticosterone 

41 

57 

Supernatant  fraction 

42 

Supernatant  fraction  plus  desoxycorticosterone 

33 

22 

suppression  was  a  reaction  or  reactions  common  to  all  oxidations, 
namely  those  involving  the  transfer  of  hydrogen  ions  or  electrons. 
The  assay  of  the  cytochrome  c-cytochrome  oxidase  reaction  with  the 
use  of  p-phenylene  diamine  (Green  and  Rechter,  1937)  and  brain 
homogenate  residue  as  the  source  of  the  enzyme  system  showed  that 
this  reaction  was  not  inhibited  in  the  presence  of  desoxycorticos¬ 
terone.  This  observation  was  also  confirmed  by  the  cytochrome  oxi¬ 
dase  assay  method  of  Schneider  and  Potter  (1943).  It  would  thus  ap¬ 
pear  that  the  site  of  inhibition  might  be  a  flavoprotein  entity  of  the 
electron  transfer  system.  Further  work  is  now  in  progress  to  elucidate 
this  point. 

DISCUSSION 

Table  3  summarizes  the  findings  on  eight  compounds.  Of  the 
variety  of  steroids  studied  for  inhibition  of  oxygen  uptake,  four 
steroids  were  consistently  active  in  low  concentrations.  These  com¬ 
pounds  were  desoxycorticosterone,  dehydroisoandrosterone,  testos¬ 
terone,  and  methyltestosterone.  Desoxycorticosterone  was  the  most 
active  inhibitor  in  all  three  tissues  studied.  This  steroid  caused  signifi¬ 
cant  inhibitions  at  concentrations  of  0.1  mg.  per  3  ml.  of  media.  At 
the  concentrations  studied  progesterone  produced  a  significant  effect 
on  the  aerobic  respiration  of  liver  slices  but  not  on  kidney  or  brain 
slices.  Estrone  was  active  on  kidney  but  not  liver  slices,  while  estradiol 
was  active  on  liver  but  not  kidney  slices.  Estradiol  was  the  only  non- 
ketonic  steroid  showing  the  inhibitory  effect. 

Androsterone  gave  inconclusive  results  on  both  liver  and  kidney 
slices  and  requires  further  study  for  even  a  preliminary  evaluation 
with  respect  to  oxygen  uptake  inhibition. 
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The  oxygen  inhibiting  properties  of  the  androgenic  steroids  were 
correlated  with  neither  their  androgenic,  protein  analiolic,  or  reno- 
trophic  activity.  Dehydroisoandrosterone  which  is  distinctly  less 
active  than  testosterone  on  these  three  tests  was  a  more  potent  in¬ 
hibitor.  Inhibition  was  noted  with  compounds  from  all  four  classes 
of  hormonally  active  steroids.  Of  interest  is  the  lack  of  inhibition  by 
steroids  not  possessing  hormonal  activity. 


Table  3.  Steroids  causing  inhibition  of  oxygen  uptake 


Steroid 

Concentration 

which  produced  inhibition  of 
oxygen  uptake 

Liver  slices 
molarity* 

Kidney  slices 
molarity* 

Brain  slices 
molarity* 

Desoxvcortico.sterone 

1  X10-* 

2X10-3 

2X10-3 

Dehydroisoandrosterone 

5X10-« 

2  X 10-3 

5X10-3 

Testosterone 

2X10-» 

2X10-3 

20X10-3 

Methyltestosterone 

1  X10-’ 

1  X 10-3 
Inactive  at 

Inactive  at 

Progesterone 

3X10-3 

3X10-3 
Inactive  at 

3X10-3 

A4-.\ndrostenedione-3,l  7 

3X10-3 
Inactive  at 

2X10-3 

— 

Estrone 

3X10-3 

2X10-3 
Inactive  at 

— 

Estradiol 

1 .5X10-3 

2X10-3 

— 

*  Concentrations  of  steroids,  expressed  in  molarity  to  facilitate  comparison,  repre¬ 
sent  the  amounts  added  to  the  vessels  and  not  necessarily  the  quantity  in  true  solution. 


SUMMARY 

Desoxycorticosterone,  dehydroisoandrosterone,  methyltestos- 
terone,  and  testosterone  consistently  inhibited  the  oxygen  consump¬ 
tion  of  liver,  kidney,  and  brain  slices.  Desoxycorticosterone  was  the 
most  active  inhibitor,  being  effective  at  0.1  mg.  per  3  ml.  of  media. 
Progesterone,  A^-androstenedione-3,17,  estrone,  and  estradiol  also 
exhibited  inhibitory  effects  but  to  a  smaller  extent. 

Desoxycorticosterone  strongly  inhibited  the  oxygen  consumption 
of  whole  brain  homogenate  as  well  as  the  washed  brain  homogenate 
residue  in  the  presence  of  a  variety  of  oxidizable  substrates.  An  assay 
of  the  cytochrome  c-cytochrome  oxidase  system  indicated  that  this 
was  not  the  site  of  the  steroid  inhibition. 
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THE  EFFECT  OF  ULTRASONIC  VIBRATIONS  ON 
MOLTING  IN  TRITURUS  VIRIDESCENS 


HUGH  CLARK 

From  the  Department  of  Zoology,  University  of  Connecticut 

STORKS,  CONN. 

The  mechanism  of  the  molting  reaction  in  Triturus  has  been 
described  by  Adams,  Kuder  and  Richards  (1932)  as  a  pituitary- 
thyroid-epidermal  interrelationship.  Preliminary  observations  by  the 
writer  indicated  a  marked  increase  in  the  frequency  of  molting  follow¬ 
ing  exposure  of  the  animals  to  ultrasonic  vibrations.  An  attempt 
therefore  was  made  to  determine  (1)  duration  of  the  effect  following 
treatment,  (2)  seasonal  variations  in  the  response,  (3)  the  effect  of 
the  vibrations  at  different  energy  levels  and  periods  of  exposure,  and 
(4)  localization,  if  po.ssible,  of  the  site  of  the  primary  effect  of  the 
treatment. 

MATERIAL  AND  METHODS 

Triturus  viridescens  were  collected  at  Pawling,  New  York  in  April,  May, 
.\ugust,  October,  and  November,  and  at  Whately  Glen,  Massachusetts  in 
March  and  June.  Test  animals  were  exposed  to  ultrasonic  vibrations  at  a 
frequency  of  350,000/sec.,  generated  piezoelectrically,‘  for  8-120  seconds  at 
energy  levels  of  approximately  20-35  watts  acoustic.  Animals  were  exposed 
shortly  after  being  brought  to  the  laboratory  in  all  instances  except  one 
(Group  V,  see  below).  Each  animal  was  exposed  individually  in  a  water- 
filled  glass  cylinder,  covered  at  one  end  with  copper  foil  through  which  the 
vibrations  were  transmitted  to  the  medium.  When  the  entire  animal  was 
exposed  it  swam  freely  in  the  cylinder  and  was  confined  by  a  loosely  fitting 
cork.  The  foil-covered  end  of  the  cylinder  was  placed  over  the  energy  cone  in 
a  position  which,  by  trial  and  error,  was  shown  to  transmit  the  greatest 
quantity  of  energy.  In  certain  instances  the  head  or  tail  only  was  exposed; 
these  animals  were  held  manually  in  the  upper  part  of  the  cylinder.  Controls 
were  handled  in  the  same  way  except  for  actual  exposure. 

Following  the  treatment,  animals  were  kept  separately  in  finger  bowls 
in  the  laboratory,  were  fed  liver  three  times  weekly,  and  the  water  was 
changed  daily.  Observations  on  molting  behavior  were  made  daily,  or 
oftener,  as  required.  Temperature  in  the  laboratory  was  not  controlled. 

Received  for  publication  January  19,  1950. 

*  The  author  is  deeply  indebted  to  Doctor  Raymond  Wallace  for  his  generous 
cooperation  in  making  available  and  supervising  the  use  of  the  Ultrasonorator,  piezo¬ 
electric  generator,  furnished  him  through  the  courtesy  of  Crystalab  Incorporated 
Hartford,  Connecticut. 


392 


April,  1950 


ULTRASONICS  AND  THYROID 


393 


OBSERVATIONS 

Results  were  recorded  for  each  of  17  groups  of  animals,  observed 
sequentially  from  May,  1948  to  August,  1949.  Season  of  observation, 
group  size,  duration  of  the  observation  period  and  nature  of  the  treat¬ 
ment  of  each  group  are  stated  in  Table  1.  Groups  I  and  II  were  ob¬ 
served  for  six  to  ten,  weeks,  respectively,  in  order  to  ascertain  the 

Table  1.  Summary  of  results  for  animals  exposed  to  ultrasonic  vibrations. 
Energy  =  WATTS,  acoustic,  measured  calorimetrically;  region  exposed: 

T  =ENTIRE  body;  A  =  ANTERIOR  END;  P  =  POSTERIOR  END 


(Jroup 

Observa-  - 
tion 
period 

Treatment 

(watts) 

Region 

ex¬ 

posed 

Number  of 
animals 

Exp.  Control 

Average 
number  molts 
per  30  days 

Exp.  Control 

I 

5/13-  6/23 

20 

120 

T 

7 

_ 

7.6 

_ 

II 

9/1.5-11/23 

20 

60 

T 

9 

6 

2.5 

1 .0 

III 

12/  2-12/24 

30 

60 

T 

15 

15 

4.5 

1.3 

IV 

1/  3-  2/11 

20 

60 

T 

14 

18 

2.8 

1 .4 

v 

2/  6-  2/16 

20 

60 

T 

10 

10 

1.4 

0.9 

VI 

3/28-  4/12 

30 

15 

T 

11 

11 

2.1 

0.03 

VII 

4/26-  5/13 

22 

45 

T 

20 

20 

2.1 

1.7 

vni 

5/  8-  5/24 

35 

30 

T 

11 

20 

3.0 

1.6 

IX 

6/15-  6/29 

20 

45 

T 

15 

15 

2.7 

1  .4 

X 

4/30-  5/13 

20 

15 

A 

22 

20 

3.3 

1 .6 

XI 

5/  5-  5/24 

20 

30 

P 

12 

20 

2.5 

1.6 

XII 

6/15-  6/27 

20 

20 

P 

5 

15 

7.4 

1 .4 

XIII 

6/15-  6/27 

20 

20 

A 

12 

15 

3.3 

1  .4 

XIV 

6/30-  8/  5 

24 

8 

P 

6 

15 

2.8 

1.4 

XV 

6/30-  7/20 

24 

15 

A 

9 

15 

4.5 

1  .4 

XVI 

6/30-  8/  5 

24 

10 

T 

P 

7 

15 

4.2 

1 .4 

XVII 

6/30-  8/  5 

24 

10 

1 

T 

4 

15 

4.8 

1.4 

A 


permanence  of  the  initial  ultrasonic  treatment;  subsequent  experi¬ 
ments  continued  only  until  a  consistent  pattern  of  molting  behavior 
had  been  established.  The  duration  of  each  experiment  is  indicated 
in  Table  1.  The  number  of  molts  was  recorded  for  each  animal  during 
the  time  it  was  observed ;  for  convenience  in  making  a  direct  compari- 
.son  of  molting  frequency  between  experimentals  and  controls,  both 
sets  of  data  are  converted  arbitrarily  to  a  30-day  basis.  These  are 
shown  graphically  in  Figure  1.  Control  records  are  not  presented  for 
Group  I  since  these  animals  were  originally  exposed  for  a  different 
purpose.  It  is  at  once  apparent  that  the  molting  frequency  of  each 
treated  group  is  greater  than  that  of  its  control.  With  one  exception 
(V)  the  molting  frequency  of  any  treated  group  is  greater  than  that 
of  any  control  group. 

Duration  of  effect. — In  order  to  ascertain  whether  the  initially 
ob.served  molting  response  was  permanent  or  ephemeral.  Group  I 
animals  were  observed  for  a  period  of  41  days.  Group  II  animals  for 
70  days.  Survivors  of  these  groups  continued  response  to  ultrasonic 
treatment  as  shown  in  Table  2. 
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NUMBER  MOLTS/30  DAYS 


1  II 

1  V 

V 

VI 

0 

V  1  1 

7) 

VIII 

0 

1  X 

C 

X 

T) 

X  1 

X  1  1 

XIII 

X  1  V 

X  V 

XV  1 

)(VI  1 

MAY 
SEPT-NOV 
DEC 
A  N-FEB 
FEB 
MAR-APR 
APR  -MAY 
MAY 
JUNE 
MAY 
MAY 
JUNE 
JUNE 
JULY 
J  ULY 
J  ULY 
J  ULY 


Fia.  1.  Seasonal  response  of  Triturus  to  ultrasonic  vibrations. 
Black,  experimental;  white,  control. 


It  should  be  pointed  out  that  the  abbreviated  observation  of 
Group  I  animals  2,  5,  7,  and  8  and  of  Group  II  animals  2  and  12  was 
the  re.sult  of  death  or  sacrifice,  rather  than  to  a  cessation  of  the  molt¬ 
ing  response.  Animals  omitted  from  the  tabulation  above  died  too 


Table  2.  Duration  of  response 
Number  of  molts  is 

TO  INITIAL  ULTRASONIC  TREATMENT. 

SHOWN  IN  PARENTHESES 

Group  I 

Group  II 

Number  2.  17  days  (5) 

5.  29  days  (7) 

6.  41  days  (10) 

7.  32  days  (6) 

8.  21  days  (3) 

Number  2.  62  days  (16) 

6.  70  days  (11) 

11.  70  days  (5) 

12.  57  days  (3) 

soon  to  provide  critical  data  or  showed  no  effect  of  the  treatment. 
There  would  appear  to  be  little  doubt  of  the  permanence  of  the  initial 
effect  of  the  ultrasonic  exposure. 

Seasonal  influence. — Animals  were  subjected  to  treatment  during 
several  months  of  the  year  since  the  pituitary,  associated  with  season¬ 
al  behavior  of  the  gonads,  has  been  demonstrated  to  be  implicated 
in  the  molting  response,  and  since  the  thyroid  has  been  shown  to 
fluctuate  seasonally  (Morgan  and  Fales,  1940).  Data  presented  in 
Figure  1  show  no  correlation  of  increased  molting  frequency  with 
season.  This  fact  suggests  that,  if  the  pituitary  is  affected  by  the 
treatment,  the  energy  levels  of  the  applied  vibrations  were  above 
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the  threshold  at  all  times  for  that  portion  of  the  pituitary  responsible 
for  the  thyrotropic  effect  concerned  with  the  molting  response.  It  is 
apparent,  however,  that  season,  per  se,  is  not  a  determining  factor 
of  molting  rate  in  either  control  or  experimental  groups. 

Duration  of  exposure  and  energy  level. — The  duration  of  exposure 
to  ultrasonic  vibrations  is  likewise  demonstrated  to  be  insignificant. 
From  Table  1  it  may  be  seen  that  the  groups  treated  for  8-20  seconds 
(VI,  X,  XII-XVII)  show  an  average  molting  frequency  per  animal 
of  3.4/30  days;  those  treated  for  30-45  seconds,  (VII-IX,  XI),  2.9  30 
days;  and  those  treated  for  60-120  seconds  (I-V),  3.6  30  days.  Not 
only  is  there  an  absence  of  a  significant  trend  for  these  periods  of 
exposure,  but  the  variation  within  each  arbitrary  subdivision  is 
actually  greater  than  that  between  the  subdivisions.  Of  the  total 
number  of  animals,  77%  responded  by  increased  molting  frequency 
at  the  short  exposure,  and  51%  responded  at  each  of  the  larger  ones. 

Although  the  range  of  energy  applied  to  the  animal  is  not  great 
(20-35  watts)  it  is  apparent  by  inspection  of  Table  1  that  no  signifi¬ 
cance  can  attach  to  the  energy  level  within  these  limits.  Energy  levels 
higher  than  those  reported  are  lethal  within  a  few  seconds,  so  that  it  is 
inpractical  to  extend  the  range  upward.  No  controlled  experiment 
was  .set  up  to  determine  the  lowest  limit  of  applied  energy  which  would 
elicit  a  re.sponse;  however,  a  few  animals  were  exposed  to  as  little  as 
three  watts  (5  minutes)  and  in  each  instance,  the  characteristic  stimu¬ 
lation  of  the  molting  response  occurred. 

Localization  of  the  primary  effect. — In  order  to  determine  whether 
the  effect  is  directly  on  the  skin,  groups  of  animals  were  hypophy- 
sectomizedorthyroidectomized.  Following  recovery  these  groups  were 
exposed  for  60  seconds  at  30  watts.  In  no  instance  was  the  character¬ 
istic  increase  in  molting  frequency  observed.  Thus  the  .skin  is  elimi¬ 
nated  as  a  site  of  primary  ultrasonic  effect. 

Since  hypophy.sectomized  animals  failed  to  respond  by  increased 
frequency  of  molting,  it  is  apparent  that  the  thyroid  is  not  stimulated 
directly  by  the  ultrasonic  vibrations.  Thyroidectomy,  howev’er, 
demonstrates  that  the  thyroid  is  e.ssential  to  the  molting  response, 
and  pre.sumably  is  stimulated  by  a  pituitary  secretion.  Cytological 
examination  does  not  rev^eal  a  vi.sible  change  produced  in  the  pituitary 
cells,  although  this  sort  of  negative  evidence  is  not  conclusive.  Im¬ 
plantation  of  treated  pituitaries  is  planned,  and  further  microscopic 
examination  of  thyroid  and  pituitary  is  in  progress. 

SUMMARY 

Ultrasonic  vibrations  of  350,000/sec.,  applied  at  energy  levels  of 
20-35  watts  for  8-120  seconds  are  instrumental  in  cau.sing  an  increased 
frequency  of  molting  in  Triturus  viridescens.  Energy  lev^els  above 
35  watts  are  very  rapidly  lethal,  but  below  this  level  no  optimal  point 
for  evocation  of  the  response  has  been  found.  The  effect  of  the  initial 
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exposure  to  ultrasonic  vibrations  continues  for  at  least  70  days.  When 
animals  are  held  manually  in  the  energy  cone  of  the  exposure  cham¬ 
ber,  77%  respond  to  the  treatment;  when  allowed  to  swim  freely  dur¬ 
ing  exposure,  only  51%  respond.  Although  the  effect  of  the  treatment 
is  observed  as  an  epidermal  reaction,  the  skin  is  not  affected  directly 
by  the  treatment.  The  thyroid,  also  participating  in  the  molting  proc¬ 
ess,  is  not  directly  stimulated  by  ultrasonics.  It  is  believed,  therefore, 
that  the  thyrotropic  secretion  of  the  pituitary  is  the  primary  site  of 
the  ultrasonically  produced  effect. 
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REACTIONS  OF  THYROID  GLANDS  TO  JUXTA- 
THYROIDAL  IMPLANTS  OF 
THYROTROPIC  AGENTS' 

AUBREY  GORBMAX 

From  the  Departments  of  Zoology,  Barnard  College  and 
Columbia  University 
NEW  YORK,  N.  Y. 

Detection  and  measurement  of  small  amounts  of  thyrotropin, 
such  as  might  be  included  in  a  single  pituitary  gland,  is  extremely 
difficult,  if  not  impossible,  by  ordinary  techniques.  The  following 
experiments,  in  which  hypophyseal  and  control  material  were  im¬ 
planted  in  direct  contact  with  the  thyroid  glands  of  otherwise  intact 
test  animals,  were  designed  for  this  purpose.  In  some  tests  the  thyro¬ 
tropic  materials  were  permitted  to  remain  in  contact  with  the  thyroid 
for  as  long  as  nine  months  to  determine  the  effect  of  prolonged  local¬ 
ized  inequality  in  thyroidal  function.  In  other  tests  the  treated  ani¬ 
mals  were  sacrificed  after  100  hours  of  contact  with  the  implant  to 
conform  to  a  commonly  used  interval  of  observation  in  bioassay  of 
hypophyseal  materials. 


PROCEDURES 

In  the  100-hour  tests  23  200-gram  guinea  pigs  of  both  sexes  and  35  three- 
month-old  male  CFW  strain  mice  were  used.  Of  the  guinea  pigs,  six  were 
aseptically  implanted  with  adult  male  mouse  pituitaries,  and  six  with  mouse 
muscle;  five  were  untreated.  Of  the  mice,  six  were  implanted  with  adult  male 
homoplastic  mouse  pituitary,  eight  with  frog  pituitary,  three  with  frog 
muscle,  three  with  mouse  muscle,  three  with  frog  thyroid,  and  three  with 
mouse  thyroid.  All  implants  were  placed  in  contact  with  the  right  thyroid 
lobe.  After  100  hours  the  host  animals  were  sacrificed,  and  the  trachea, 
thyroid  and  contiguous  muscle  were  dissected  out  and  fixed  in  a  block  to 
leave  the  implant  undisturbed.  The  blocks  were  sectioned  serially.  Measure¬ 
ments  were  made  of  about  fifty  cells  in  thyroid  follicles  near  the  implant  and 
in  the  same  number  near  the  edge  of  the  opposite  thyroid  lobe. 

For  the  long-term  observations  90  mice  of  both  sexes  of  the  A  and  Cst 
strains  were  used.  Of  this  number,  all  except  10  eight-month-old  animals 
were  three  months  old  at  the  start.  Implants  were  placed  between  the  right 
thyroid  and  the  sternothyroid  muscle.  Animals  were  killed  from  80  to  274 
days  after  implantation.  Dissection  of  the  thyroid,  fixation  and  study  were 
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Fig.  1.  Thyroid  of  Cj?  strain  mouse  and  adjacent  pituitary  transplant  six  months 
after  transplantation.  The  anterior  lobe  (darkest  ti.ssue)  is  folded  upon  itself  and  in  this 
figure  is  .separated  by  a  strip  of  fibrous  ti-ssue.  The  intermediate  lobe  completely  sur¬ 
rounds  the  hypophyseal  cleft  and  makes  contact  with  the  thyroid.  The  anterior  lobe 
makes  contact  with  thyroid  above  and  below  the  intermediate  lobe.  Mag.  X90. 

Fig.  2.  Thyroid  of  14  month  old  Cs7  strain  mouse  and  anterior  lobe  region  of  adja¬ 
cent  pituitary  implant  six  months  after  implantation.  Thyroid  epithelium  here  is  ac¬ 
tivated.  Colloid  is  somewhat  vacuolated.  Compare  with  Fig.  5.  Mag.  X330. 

Fig.  3.  Detail  of  same  gland  as  in  Fig.  1  in  region  where  anterior  lobe  of  pituitary 
contacts  thyroid  gland.  Note  hypertrophy  of  thyroidal  cells,  folding  of  epithelium  and 
vacuolization  of  colloid  only  on  the  side  of  the  follicle  near  the  pituitary  implant. 
Mag.  X330. 

Fig.  4.  Detail  of  same  gland  as  in  Fig.  1  in  region  where  intermediate  lobe  of 
pituitary  contacts  thyroid  gland.  Note  lack  of  reaction  such  as  in  Fig.  3.  Mag.  X330. 

Fig.  5.  Thyroid  of  same  mouse  as  in  Fig.  2.  In  this  region  the  intermediate  lobe  of 
the  implanted  pituitary  contacts  the  thyroid.  Note  that,  in  contrast  with  anterior  lobe 
tissue,  intermediate  lobe  is  unable  to  prevent  senile  involutional  fibrous  changes  in 
adjacent  thyroidal  tissue.  Mag.  X330. 
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as  in  the  previous  group.  A  few  mice  were  given  a  tracer  dose  of  I**'  24  hours 
before  autopsy,  and  radioautographs  were  prepared  to  yield  data  regarding 
functional  characteristics  in  treated  thyroids.  Tissue  implants  were  taken 
from  mice  of  the  same  genetic  strain  as  the  host  (syngenesiotransplants). 
Twenty-three  mice  were  used  as  untreated  controls.  Into  18  mice  were  im¬ 
planted  whole  pituitaries  from  three-week-old  donors  of  both  sexes.  Six  re¬ 
ceived  pieces  of  liver,  six  muscle,  five  brain,  five  adrenal  gland,  five  an  entire 
lens  of  the  eye.  Three  types  of  cholesterol  pellets,  all  weighing  between  9.7 
and  11.8  milligrams  were  implanted  in  the  same  way.  Eighteen  mice  were 
given  pure  cholesterol  pellets;  18  were  given  pellets  made  of  3  parts  choles¬ 
terol  and  1  part  beef  thyrotropic  hormone  powder;-  ten  were  given  pellets 
made  of  3  parts  cholesterol,  and  1  part  purified  casein. 

RESULTS 

The  implants,  with  very  few  exceptions  (which  were  eliminated 
from  consideration),  remained  in  the  same  position  as  they  were 
originally  placed.  About  half  of  the  long-time  implanted  pellets  under¬ 
went  various  degrees  of  fragmentation  which  in  some  instances  some¬ 
what  increased  the  area  of  contact  with  the  host  thyroid.  Growth 
and  reproductive  behavior  of  implanted  animals  did  not  vary  from 
untreated  controls.  All  tissue  transplants  with  the  exception  of  homo¬ 
plastic  pituitaries  and  thyroids  underwent  degeneration  and  resorp¬ 
tion.  Homoplastic  mouse  pituitary  transplants  quickly  vascularized 
and  not  only  survived  in  toto,  but  also  retained  an  entirely  normal 
architecture,  showing  all  three  lobes  in  normal  relation  to  one  another 
(Fig.  1).  This  class  of  tran.splants,  being  alive  and  quite  po.s.sibly 
functional,  must,  therefore,  be  differentiated  from  heteroplastic 
transplants  which  died  and  from  which  only  the  initially  released 
hormone  could  be  presumed  to  be  effective. 

100-hour  tests. — Table  1  summarizes  the  results  in  CFW  mouse 
hosts.  It  may  be  seen  here  that  both  homoplastic  mouse  pituitary 
and  heteroplastic  frog  pituitary  produced  significant  localized  stimu¬ 
lations  in  thyroidal  epithelium.  This  stimulation  was  limited  to  a  zone 
of  follicles  no  more  than  three  deep  away  from  the  implant.  The  sur¬ 
viving  homoplastic  implants  were  only  slightly  more  effective  at  100 
hours  than  the  dead  frog  pituitaries.  Control  non-hypophyseal  tissue 
transplants  produced  only  a  .slight  decrease  in  thyroidal  cell  height 
in  their  immediate  neighborhood  when  contrasted  with  the  more 
distant  thyroidal  cells. 

Table  2  summarizes  the  effect  of  mouse  and  frog  pituitaries  on 
guinea  pig  thyroids.  The  localized  effect  in  these  test  animals  was 
much  more  striking  than  in  mice.  Alouse  pituitary  proved  about  twice 
as  activ'e  as  frog.  In  this  test  animal,  however,  control  muscle  implants 
also  had  a  slight  stimulating  action. 

*  Parke  Davis  and  Co.  Antuitrin-T,  with  a  stated  activity  of  4  .lunkmann-Schoeller 
units  per  milligram.  Appreciation  to  Dr.  D.  A.  McGinty  for  a  supply  of  this  material  is 
gratefully  acknowledged. 
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Table  1.  Single  implants  of  pituitary  and  other  tissues  in  contact  with 
THYROIDS  of  MICE.  EfFECT  AFTER  100  HOURS 


Implant 

1 

Number  ! 
of  host 
animals  ' 

1 

Height  of  ! 

cells  near  | 

implant,  /i  i 

Height  of 
cells  away 

from  implant,  M 

Ratio; 

Ht.  nr.  impl. 
Ht.  away 
from  impl. 

Ratio 

Ht.  nr.  impl. 

Average  I 

Range 

Average  | 

Range 

Control 

Fro*  pituitary 

8 

13.3 

12.0-13.7 

8.8  1 

7. 7-9. 5 

1.51 

1.73 

Mouae  pituitary 

6 

13.8 

13.0-14.6 

7.7 

6. 9-8. 6 

1.95 

1.95 

Mouse  muscle 

3 

6.4 

6.1-  7.2 

6.9 

6. 3-7. 4 

.93 

.83 

Frog  muscle  1 

3 

6.9 

6.4-  7.9 

6.9 

6.3-8. 1 

1.00 

.90 

Mouse  thyroid 

3 

8.6 

7.1-  9.4 

8.8  1 

6. 8-9. 2 

.98 

1.11 

Frog  thyroid 

3 

717 

6.8-  8.5 

6.9  1 

6. 2-7. 9 

1.11 

1.00 

None 

9 

7.7 

7. 3-8. 6 

Table  2.  Single  implants  of  pituitary  and  muscle  in  contact  with  thyroids 
OF  GUINEA  PIGS.  EfFECT  AFTER  100  HOURS 


Implant 

1  Number  1 
of  host  1 
animals  ^ 

Height  of  1 

cells  near  I 

implant,  g 

Height  of  j 

cells  away  I 

from  implant,  m 

Ratio; 

Ht.  nr.  impl. 

Ratio: 

Ht.  nr.  impl. 

Average  ' 

Range  { 

!  Average  j 

Range  j 

from  impl. 

Control 

Mouse  pituitary 

6 

23.8 

22.5-27.0 

9.0  1 

7.9-11.7 

2.64 

3.05 

Flog  pituitaiy 

6 

15.9 

14.7-18.3 

9.4 

8.3-11.5 

1.92 

2.04 

Mouse  muscle 

6 

9.2 

7.4-11.4 

8.0  ' 

7.2-  9.7 

1.15 

1.18 

None 

5 

7.8  1 

7.2-  9.5 

Long-term  implants. — Seventeen  of  the  eighteen  pituitary  im¬ 
plants  survived  until  autopsy  six  months  or  more  after  implantation, 
and  all  were  well  differentiated  and  apparently  normal.  In  all  of  these 
only  a  mild  localized  stimulation,  similar  to  that  in  the  100-hour  tests, 
was  found.  The  thyroidal  stimulation  was  localized  to  only  those 
follicles  in  direct  contact  with  anterior  lobe  of  pituitary  (Fig.  3). 
Where  intermediate  or  nervous  lobes  of  pituitary  touched  thyroid, 
no  stimulation,  as  a  rule,  was  observable  (Fig.  4).  A  very  interesting 
observation  could  be  made  in  the  ten  oldest  mice.  In  these,  about  1| 
years  old  when  killed,  all  of  the  thyroid  was  undergoing  senile  fibrotic 
involution  except  that  portion  immediately  contiguous  with  anterior 
pituitary  (Figs.  2,  5). 

None  of  the  other  tissues  or  pellets  affected  thyroidal  follicular 
epithelium,  though  the  pellets  induced  intense  foreign  body  reactions 
immediately  adjacent  to  themselves.  Another  commonly  observable 
phenomenon  in  thyroids  of  all  cholesterol  pellet  hosts  was  cystic 
hyperplasia  of  the  ciliated  ultimobranchial  follicles.  Smaller  follicles 
of  this  type  occur  to  a  lesser  extent  in  normal  thyroids  of  adult  mice 
(Dunn,  1944;  Gorbman,  1947). 

DISCUSSION 

100-hour  tests. — It  seems  feasible,  on  the  basis  of  the  presented 
data,  to  obtain  evidence  of  the  presence  of  thyrotropin  in  .single 
pituitary  glands  of  small  animals  like  the  mouse  or  frog.  Development 
of  this  technique  to  the  point  where  it  could  be  used  for  micro-assay 
would  require  .some  dose-re.spon.se  calibration  procedure,  such  as  im¬ 
plantation  of  small  agar  blocks  containing  known  amounts  of  stand- 
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ardized  thyrotropin.  The  guinea  pig  tiiyroid  appears  to  he  consider¬ 
ably  more  sensitive  to  direct  thyrotropic  stimulation  than  the  mouse. 
This  advantage  might  be  considered  offset,  however,  by  its  expense 
as  well  as  the  necessity  of  aseptic  technique  in  surgical  manipulations 
in  this  animal. 

It  seems  surprising  that  in  the  mouse,  juxtatliyroidal  implants 
of  homoplastic  pituitaries  are  only  slightly  more  thyrotropic  than 
frog  pituitaries  100  hours  after  implantation.  There  are,  of  course,  a 
number  of  po.ssible  explanations  which  can  be  applied  to  this  result, 
including  a  lack  of  secretory  function  by  the  implant  at  this  early 
interval  and/or  a  failure  to  release  contained  hormone. 

It  is  of  interest  to  compare  the  sensitivity  of  the  guinea  pig  thyroid 
to  direct  thyrotropic  action  with  its  sensitivity  to  systemic  injection 
of  preparations  of  this  hormone  as  cited  by  Adams  and  Allen  (1942). 
Only  8.8  milligrams  of  fresh  frog  pituitary  (estimated  about  eight 
pituitaries)  are  required  to  give  a  minimal  histologically  detectable 
response  (69%  increase  in  thyroid  cell  height)  in  guinea  pigs.  In  the 
present  experiments,  juxtatliyroidal  single  frog  or  mouse  pituitaries 
produced  localized  stimulations  considerably  larger  (about  200%) 
in  cell  height.  This  would  indicate  a  relative  advantage  in  sensitivity 
of  .somewhat  more  than  tenfold  of  the  direct  versus  systemic  adminis¬ 
tration  of  frog  thyrotropin.  Comparing  in  the  same  way  the  data  of 
Adams  and  Allen  (1942)  on  systemic  effectiveness  of  fresh  mouse 
pituitary  implants  on  guinea  pig  thyroid,  one  finds  an  advantage  of 
probably  more  than  twenty-fold  in  direct  versus  .systemic  administra¬ 
tion  of  thyrotropin.  This  advantage  in  assay  sensitivity  gained  by 
direct  implantation  of  the  thyrotropic  materials  is  much  smaller 
than  that  gained  by  similar  local  application  of  lactogenic  hormones 
or  steroid  hormones  to  their  end  organs.  It  should  be  pointed  out, 
however,  that  juxtatliyroidal  implantation  still  seems  to  be  the  only 
means  available  for  thyrotropic  assay  of  a  single  small  pituitary 
gland. 

Long-term  treatment. — Principal  interest  in  the  effect  of  long-term 
localized  stimulation  of  thyroid  stemmed  from  the  possibility  that 
this  might  induce  metaplastic  or  neoplastic  changes.  It  is  well  estab¬ 
lished  that  a  large  majority  of  clinical  thyroidal  carcinomas  begin  in 
hyperplastic  areas  in  an  otherwise  quiescent  thyroid  gland  (literature 
cited  in  Gorbman,  1947).  This  experiment  was  designed  to  test 
whether  artificial  maintenance  of  such  restricted  imbalance  in  thy¬ 
roids  could  in  itself  induce  neoplastic  changes.  The  only  changes  of 
note  actually  found  were  the  cystic  hyperplasias  of  ultimobranchial 
follicles  in  cholesterol  pellet  implanted  mouse  thyroids.  Such  hyper¬ 
plasias  to  a  lesser  extent  are  not  uncommon  in  thyroids  of  older  mice 
of  the  Strong  A  strain. 

The  preservation  of  a  youthful  histology  in  thyroids  in  the  neigh¬ 
borhood  of  homoplastic  pituitary  implants,  when  the  remainder  of 
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the  same  thyroid  is  undergoing  senile  fibrotic  changes,  seems  remark¬ 
able.  One  implication  of  this  observation  would  be  that  thyroidal 
senility  can  be  held  in  abeyance  by  a  suitable  supply  of  thyrotropic 
hormone. 

SUMMARY 

Single  pituitary  glands  of  frogs  or  mice  implanted  in  contact  with 
the  thyroids  of  mouse  or  guinea  pig  hosts  produce  easily  measurable 
localized  stimulation  within  100  hours.  The  guinea  pig  thyroid  is 
more  sensitive  in  such  tests  than  is  the  mouse. 

Living  mouse  pituitary  gland  implants,  left  in  contact  with  mouse 
thyroids  for  up  to  nine  months,  induce  no  abnormalities.  However, 
in  a  highly  localized  zone  they  are  able  to  prevent  senile  fibrosis 
occurring  elsewhere  in  the  same  thyroids.  Cholesterol  pellets,  locally 
implanted,  induce  cystic  hyperplasia  of  ultimobranchial  follicles  in 
mouse  thyroids  after  periods  of  up  to  nine  months. 
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NOTES  AND  COiMMENTS 

CONVERSION  OF  DESOXYCORTICOSTERONE  AC'ETATE 
TO  PROCESTERONE  IN  VIVO^ 

It  has  been  known  for  some  time  that  desoxycorticosterone  acetate 
(DCA)  possesses  progestational  activity.  This  has  led  to  a  certain  amount 
of  speculation  regarding  the  mechanism  whereby  DCA  is  able  to  replace 
progesterone.  C'yler,  Ashley  and  Hamblen  (1940)  reported  an  increased 
excretion  of  pregnanediol  glucuronide  following  administration  of  I)(\\  to 
normal  men,  and  McGinty  (1942)  noted  that  DCA  was  inactive  when  ap¬ 
plied  locally  to  the  endometrium  of  a  rabbit.  From  a  consideration  of  such 
data  Pfiffner  (1942)  was  led  to  conclude  that  DCA  is  converted  in  the  body 
to  progesterone  and  that  one  step  in  the  metabolic  degradation  of  DC'A  may 
be  by  the  removal  of  the  primary  hydroxyl  group. 

In  1947,  Hooker  and  Forbes  reported  on  the  specificity  of  a  bioassay  for 
progesterone  based  on  changes  in  the  stromal  nuclei  of  the  uterine  endo¬ 
metrium  of  the  mouse.  This  technifiue  can  detect  0.0002  ^ug.  of  progesterone 
in  a  volume  of  0.0006  ml  when  injected  into  the  lumen  of  the  uterus.  The 
local  application  of  6  mP-  of  DC’A  gave  a  negative  reaction  but  the  subcu¬ 
taneous  injection  of  5  mgm  of  DCA  gave  a  positive  reaction  (Hooker  and 
Forbes,  1949). 

We  have  examined  the  blood  serum  of  three  castrated  female  monkeys 
and  two  normal  male  monkeys  {Macaca  mulatto)  for  progesterone  levels  by 
the  Hooker-Forbes  test  (1947)  before  and  after  treatment  with  DC'.V.  Prior 
to  the  injection  of  DCA,  the  sera  from  all  the  animals  were  negative  for  pro¬ 
gesterone.  Twenty-four  hours  after  an  injection  of  10  mgm  of  DCA-  the 
serum  in  each  instance  gave  a  positive  test  at  dilutions  indicating  a  concen¬ 
tration  of  0.3  to  1.0  MS-  progesterone  per  ml.  Sera  taken  48  hours  after  the 
injection  of  DCA  gave  negative  reactions.  Injection  of  30  mgm.  of  DCA  in 
each  of  two  monkeys  resulted  in  a  concentration  of  4  mS-  Pf*!’  iifil  serum  in 
24  hours.  Sera  from  two  control  castrated  monkeys  treated  with  1  and 
2  mgms  of  progesterone^  gav'e  approximately  1  and  2  mS-  of  progesterone  per 
ml  of  serum,  respectively. 

CONCLUSIONS 

These  experiments  support  the  opinion  that  D(bV  is  converted  to  pro¬ 
gesterone  in  the  body  and  suggest  an  explanation  for  the  progesterone-like 
action  of  D('A. 

M.  X.  Zarrow,®  F.  L.  Hisaw  and  F.  Bryans^ 
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H arvard  University 
Cambridge,  Massachusetts 
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THE  EFFECT  OF  FEEDING  THYROPROTEIN  AND 
THIOURACIL  ON  THE  VITAMIN  A 
REQUIREMENT  OF  THE  CHICK 

An  interrelationship  between  thyroid  activity  and  vitamin  A  utilization 
in  the  rat  has  been  reported  by  a  number  of  investigators.  Johnson  and 
Baumann  (1948)  found  that,  with  rats  of  similar  weight  on  a  vitamin  A  free 
diet,  desiccated  thyroid  hastened  the  depletion  of  vitamin  A  reserves  while 
thiourea  or  thiouracil  delayed  it.  Heimer,  Maslow  and  Sobel  (1949)  reported 
that  “the  presence  or  absence  of  thyroid  influenced  storage  of  vitamin  A  in 
the  rat  to  a  large  extent  only  to  the  degree  that  it  affects  growth.”  The 
above  investigations  dealt  with  the  rate  of  vitamin  A  depletion  and  conse¬ 
quently  the  results  reported  are  influenced  by  differences  in  growth  rate 
caused  by  hypo-  or  hyper-thyroidism.  A  somewhat  different  approach  to  the 
problem  was  attempted  in  the  following  experiment  which  was  designed  to 
determine  if  growth  response  to  sub-optimal  levels  of  vitamin  A  varied  from 
the  normal  in  chicks  fed  thyroprotein  or  thiouracil. 

EXPERIMENTAL 

Day-old  crossbred  pullet  chicks  were  distributed  into  13  lots  of  20  chicks. 
All  chicks  were  fed  a  vitamin  A-free  ration,  the  only  difference  in  the  rations 
being  the  addition  of  thyroprotein  and  thiouracil  to  certain  lots  as  indicated 
in  Table  1.  Vitamin  A  preparations  were  administered  orally  by  pipette  at 
the  rate  of  1  cc.  every  third  day,  so  that  the  four  lots  of  chicks  in  the  different 
thyroid  states  each  received  25,  50,  75,  and  100  I.U.  of  vitamin  A  per  day.  It 
was  considered  that  if,  due  to  the  induced  hyper-  or  hypo-thyroidism,  there 
were  any  differences  in  response  to  vitamin  A,  they  would  be  more  significant 
over  this  range  of  dosages  than  if  only  one  level  had  been  fed.  One  lot  of  un¬ 
treated  chicks  received  no  vitamin  A,  and  was  kept  as  a  negative  control. 

Vitamin  A  was  administered  as  a  water  emulsion,  since  in  this  state  it  is 
more  efficiently  utilized  by  the  chick  than  in  an  oil  solution  (Hal pern,  Biely 
and  Hardy,  1947).  Gray-fish  liver  oil  (potency  27,500  I.U.)  was  used  as  the 


Table  1.  .\verage  weights*  of  chicks  at  3S  days 


1 

Vitamin  A  per  day 

25  I.U. 

50  I.U. 

75  I.U. 

100  I.U. 

Basal  ration  plus  0.01  %  thiouracil 

gms. 

340 

gms. 

334 

gms. 

326 

gms. 

329 

Basal  ration  plus  0.02%  thyroprotein t 

306 

296 

302 

327 

Basal  ration 

316 

329 

342 

374 

*  Minimum  significant  difference  among  mean  weights  at 
5%  level  32 

1  %  level  42 

t  Prolamone — Cerophyl  Laboratories  Inc.,  Kansas  City,  Mo. 
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source  of  vitamin  A.  This  oil  was  deaerated,  saturated  with  carbon  dioxide, 
and  0.05  per  cent  mixed  tocopherols  added  as  antioxidant.  The  water  prepa¬ 
ration  used  as  diluent  was  also  deaerated  and  saturated  with  carbon  dioxide; 
0.5  per  cent  methyl  cellulose,  0.5  per  cent  Santomerse  B,  and  0.05  per  cent 
of  the  antioxidant  propyl  gallate  were  added  to  it.  The  oil  and  water  phases 
were  mixed  in  a  Waring  blendor  under  carbon  dioxide  into  four  preparations 
containing  75,  150,  225,  and  300  I.IJ.  of  vitamin  A  per  cc.  respectively. 

KK8ULT8  AND  DI8CU88ION 

The  average  weights  of  the  chicks  on  the  38th  day  at  the  conclusion  of 
the  experiment  are  given  in  Table  1. 

Chicks  in  the  negative  control  group  showed  typical  symptoms  of  avita¬ 
minosis  A  at  3  weeks  and  all  were  dead  before  the  termination  of  the  exper- 
ment,  indicating  that  the  basal  ration  was  vitamin  A  free. 

Noticeable  differences  in  growth  were  observed  among  the  three  groups 
from  the  third  week.  The  advanced  feathering  of  the  hyperthyroid  chicks  and 
the  retarded  feathering  of  the  hypothyroid  chicks  were  most  pronounced  in 
the  groups  receiving  the  lowest  level  of  vitamin  A. 

It  will  be  seen  from  the  Table  1  and  Graph  I  that  the  normal  chicks  re¬ 
sponded  typically  to  different  levels  of  vitamin  A  (Biely  and  Chalmers, 
193G).  The  chicks  receiving  thyroprotein  in  the  basal  ration  showed  in¬ 
creases  in  the  rate  of  growth  as  the  dosage  of  vitamin  A  was  raised,  but  at  a 
considerably  lower  rate  than  the  normal  chicks.  Hyperthyroid  chicks  at  38 
days  required  100  units  of  vitamin  A  per  day  to  produce  growth  equivalent 


Graph  I.  .4verage  Wt.  of  chicks  at  38  days. 
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to  that  obtained  on  50  units  per  day  with  normal  chicks.  This  clearly  indi¬ 
cates  an  increased  vitamin  A  requirement  for  growth  in  the  hyperthyroid 
state,  and  shows  that  metabolic  rate  as  well  as  growth  rate  influences  vita¬ 
min  A  utilization  in  the  chick. 

The  chicks  receiving  thiouracil  in  the  ration  did  not  give  a  typical  growth 
response  with  increasing  dosage  of  vitamin  A.  Hypothyroid  chicks  at  25 
units  per  day  showed  slightly  greater  growth  than  at  the  higher  levels  of 
vitamin  A.  The  differences,  however,  in  the  av'erage  weights  of  the  hypothy¬ 
roid  chicks  fed  the  various  levels  of  vitamin  A  were  not  statistically  signifi¬ 
cant.  At  both  the  25-  and  50-unit  levels  the  growth  response  was  greater  in 
the  hypothyroid  chicks  than  in  the  normal  chicks  fed  the  same  levels  of 
vitamin  A.  At  the  25-unit  level,  growth  in  hypothyroid  chicks  was  equivalent 
to  that  obtained  on  70  units  with  normal  chicks.  In  explanation  of  the  fact 
that  the  chicks  in  the  hypothyroid  state  did  not  respond  to  increasing  levels 
of  vitamin  A,  it  would  appear  that  25-units  per  day  was  sufficient  to  permit 
maximum  growth  at  the  lowered  metabolic  and  growth  rates  of  these  chicks. 
It  may  be  assumed  that,  due  to  a  lowered  metabolic  requirement  for  vitamin 
A,  a  larger  proportion  of  the  vitamin  fed  was  available  for  growth.  In  this 
way  a  greater  increase  in  weight  with  lower  dosages  of  vitamin  A  was  possible 
than  in  the  case  of  the  normal  and  hyperthyroid  chicks  whose  metabolic 
requirement  was  greater.  The  lowered  metabolic  requirement  for  vitamin  A 
in  the  hypothyroid  state  may  possibly  be  the  result  of  depositions  of  a 
greater  proportion  of  fat  in  chicks  fed  thiouracil.  Since  fat  is  a  non-active 
tissue,  it  is  possible  that  under  certain  conditions  hypothyroid  chicks  may 
weigh  more  than  normal  chicks  although  actually  containing  a  smaller 
weight  of  active  protoplasmic  tissue. 

The  hypothyroid  chicks  showed  the  greatest  growth  response  to  the 
lowest  levels  of  vitamin  A,  i.e.  25-  and  50-1. U.  levels.  The  hyperthyroid 
chicks  gave  the  lowest  response  while  the  normals  were  intermediate.  It 
was  therefore  concluded  that  thyroid  activity  markedly  influences  the  meta¬ 
bolic  requirements  for  vitamin  A. 

SUMM.4RY 

Hyper-  and  hypo-thyroidism  were  induced  in  chicks  by  feeding  thyro- 
protein  and  thiouracil  in  the  ration.  Suboptimal  doses  equivalent  to  25,  50, 
75,  and  100  I.U./day  of  vitamin  A  were  administered  orally  over  a  period  of 
38  days.  The  hyperthyroid  chicks  showed  smaller  gains  than  the  normals  at 
all  levels  of  vitamin  A  fed.  Of  the  3  groups  the  hypothyroid  chicks  were 
heaviest  at  the  25-  and  50-1.  U.  levels.  There  was,  however,  no  increase  in 
weight  of  the  hypothyroid  chicks  as  the  level  of  vitamin  A  was  increased. 
The  data  show  that  thyroid  activity  markedly  affects  the  metabolic  require¬ 
ment  for  vitamin  A. 
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